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HdciDLin  Pioi  turn. 


I.  INTRODUCTION 

The  project’s  objective  was  to  thoroughly  review  the  literature  on  analytic  techniques  of  on-the-job 
training,  inclusive  through  mid-1976.  In  1974,  Hq  USAF  requested  a cost  analysis  of  on-the-job  training 
(OJT)  in  the  Air  Force.  The  results  of  the  present  report  are  to  be  Used  in  the  development  and  validation 
of  a cost  analytic  model  for  Air  Force  OJT,  under  a follow-on  contractor  work  unit. 

A review  of  direct  and  indirect  methods  of  cost  analysis  related  to  OJT  was  made  to  assure  coverage 
of  all  relevant  materials.  Five  major  areas  were  examined.  They  were; 

1 . Theoretical  economic  issues. 

2.  Cost  analysis,  cost-benefit  analysis,  and  systems  analysis. 

3.  Models,  simulations,  and  games. 

4.  The  all-volunteer  force. 

5.  The  economics  of  education  and  training. 

The  primary  focus  of  this  review  was  on  the  last  area. 

This  report  is  organized  into  four  sections;  First  is  a narrative  section  which  details  the  literature 
directly  impacting  this  study.  The  second  section  takes  broader  aim,  looking  at  the  theoretical  areas  which 
directly  affect  the  study.  This  section  also  addresses  analytical  techniques  related  to  the  objective  of  this 
work  unit.  Section  3 of  this  report  provides  an  annotated  bibliography  on  all  the  literature  reviewed  during 
this  effort.  Section  4 contains  a listing  of  additional  references. 


II.  THE  LITERATURE  ON  THE  COSTS  OF  OJT 

To  date,  the  literature  concerning  OJT  and  its  costs  has  been  sparse.  Theoretical  treatment  of 
education  and  its  efficiency  began  over  two  hundred  years  ago  with  Adam  Smith’s  Wealth  of  Nations.  These 
expositions  were  called  “studies  of  human  capital.”  However,  this  term  is  of  relatively  recent  origin.  In 
1966.  Kiker  published  a review  of  the  history  of  human  capital,  including  its  theory  and  practice,  up 
through  Walsh  in  the  1930s.  Of  particular  concern  to  the  present  review  is  that  portion  of  literature  dealing 
with  manpower  programs  and  their  costs. 

Studies  dealing  with  manpower  programs  and  their  costs  have  usually  defined  relevant  cost  as  the  cost 
of  the  program  to  the  individual.  In  general,  this  approach  has  not  been  useful  in  the  present  context  of  this 
review.  The  total  “social  cost”  of  a program  was  of  interest;  not  just  the  cost  to  the  individual  or  company. 
Examples  of  such  studies  abound  in  the  literature,  and  for  this  reason,  an  exhaustive  list  is  not  provided  in 
the  annotated  bibliography ; however,  a representative  sample  has  been  included. 

Two  approaches  have  been  taken  to  determine  relevant  costs.  The  first  approach  is  to  take  a 
company’s  training  program,  tabulating  the  company’s  cost  in  salaries  (either  of  the  employees  in  training 
or  of  those  temporarily  hired  to  replace  them  while  training  is  in  process),  tuition/fees,  books,  plus  other 
direct  costs.  This  tabulation  is  used  to  determine  overall  program  costs.  Returns  have  usually  been 
calculated  on  the  basis  of  increased  productivity  from  the  trainees,  measured  in  terms  of  salaries  paid  to 
similarly  trained  employees,  from  which  the  salaries  of  the  trainees  are  subtracted  after  training.  If  the 
difference  (return)  is  greater  than  the  costs,  over  the  long  run,  the  program  is  termed  a success.  The  second 
approach,  which  might  be  called  the  individual  approach,  calculates  the  costs  to  the  individual  incurred  by 
entering  a training  program,  completing  it,  and  then  receiving  a higher  salary  in  the  future.  Individual  costs 
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(foregone  ineomc  or  leisure)  arc  subtracted  t'roin  the  increase  in  salary  expected  as  a result  of  his  increased 
human  capital.  As  in  the  previous  approach,  if  the  index  is  ptrsitive,  then  the  program  is  termed  a success. 
The  diftlciilty  ot  these  two  approaches  is  that  neither  internali/es  all  the  costs/returns  of  the  program,  l-or 
present  purposes,  the  first  approach  may  be  more  appropriate;  however,  military  personnel  are  not  replaced 
or  eliminated  during  training.  They  are  kept  at  their  jobs,  and  this  impacts  duty  time  and  supervisory  time 
during  training.  The  real  difference  is  that  the  aforementiiMied  approaches  deal  with  fonnal,  “resident" 
training  programs  rather  than  on-the-job  training. 

The  literature  of  education  economics  has  been  similar  to  the  literature  of  OJT.  However,  greater 
emphasis  has  been  placed  on  the  examination  of  costs  and  returns  to  the  individual . Tliis  concept  has  been 
used  for  the  examination  and  evaluation  of  economic  issues  ranging  from  growth  to  individual  planning, 
with  growth  studies  being  analogous  to  the  institutional  approach  previously  discussed,  and  individual 
investment  studies  analogous  to  the  individual  approach  to  OJT.  Bowman  ( 1969)  and  the  UNKSCO  (1962). 
show  the  importance  of  fitting  education  into  the  growth  schedules  of  developing  economics. 

Tlie  material  of  central  interest  to  those  studying  the  economics  of  OJT  probably  began  with  the 
book  by  Becker  (1964).  Althougli  its  title  includes  a reference  to  education  in  general,  there  was  a specific 
treatment  ol  on-the-job  training.  Studies  by  Mincer  ( 1962)  and  others  clarified  the  theoretical  background, 
while  military  analysts  followed  with  studies  of  theii  respective  service  training  programs.  Analysis  of 
military  OJT  was  performed  by  Ar/.igian  ( 1967)  for  the  Navy,  and  Dunham  (1972)  and  (iay  and  Nelson 
(1974)  for  the  Air  Force. 

Becker  (1964)  divided  OJT  into  two  types,  general  and  specific.  Oencral  training  prepared  a person 
for  an  occupation  (he  used  machinist  training  as  an  example).  General  training  was  usually  paid  for  by  the 
trainee,  largely  because  the  investing  firm  had  no  guarantee  that  it  would  receive  any  return  from  its 
investment.  Usually,  the  trainee  paid  in  the  form  ot  decreased  wages  over  a period  of  time.  Specific  training 
was  training  considered  to  be  at  least  partially  useful  to  the  sitecific  operations  or  processes  of  the 
employer.  Tlie  military  was  cited  as  providing  many  examples  of  specific  OJT;  such  as  that  for  astronauts, 
tighter  pilots,  and  missilemen.  This  list  could  also  include  infantrymen,  mortarmen,  bomb  loaders,  and 
weapon  mechanics.  The  extensive  specific  OJT  in  the  military  has  had  few  secondary  effects  in  the  form  of 
siKial  benefits,  while  general  training  has  had  greater  implications  to  the  civilian  economy.  Tliese  general 
training  benefits  stem  from  the  provision  of  militarily  trained  man|xiwcr  such  as  warehouscnicn.  cooks,  and 
clerks  who  may  continue  working  in  these  jobs  after  they  have  been  discharged  from  the  military. 

General-trained  civilians  are  paid  less  during  their  apprenticeship  than  afterwards  in  an  attempt  by  the 
firm  to  get  them  to  pay  for  their  training.  Specific-trained  individuals  arc  paid  their  full  wages  (as  the 
employer  reaps  most  of  the  benefit).  It  could  be  said  that  the  military  student  in  specific  I raining  should  be 
paid  more  during  training  than  the  individual  in  general  training  is  paid.  Tliis.  however,  has  not  been  the 
case.  In  the  military,  all  personnel  have  been  paid  a uniform  wage.  The  military  has  provided  proficiency 
pay  as  a means  to  pay  more  over  the  long  run  to  an  individual  in  specific  training.  Such  pay  was  given  on 
the  basis  ol  occupational  field  in  the  Air  Force.  Tlius.  while  civilians  have  benefited  from  general  training  in 
delayed  torm.  military  personnel  have  been  paid  for  si>ecific  training  in  delayed  form.  Tliis  has  allowed 
military  individuals,  who  receive  universally  valuable  training,  to  avoid  the  payment  (in  wage  differences 
relative  to  their  peers)  of  the  investment  costs  paid  for  training  by  their  civilian  counterparts.  However, 
with  respect  to  the  military  the  results  are  similar  to  the  end  result  in  a civilian  economy: 

Kalional  linns  Unv  ecm-r.illx  Iramcil  eniploysvs  ilic  s.inio  xvayi-  aiul  siHvilKaMy  iraiiUHl  einplnxivs  a 
hiylicr  w.iei-  ili.in  ilu-y  omld  yvi  elsi-w hero.  . lirnis  are  not  loo  lonoornoil  ahoni  ilio  liirnovor  ol 
oinployoos  w ill)  "onoral  Iraiiuno  ami  have  no  inoonnvo  lo  olior  Ihoin  a proinhnn  above  waees  elsewhere 
beeansi-  ihe  o'sl  ol  siieli  Iraininv  is  borne  enlirely  b\  the  employees  I inns  are  nmeerned  «iih  the 
liirnover  ol  employees  « iih  s|veilje  Iraininy  ami  a premium  is  oliereil  lo  reJiiee  Iheir  liirnover  because 
lirnis  pay  (larl  ol  iheir  liamme  costs  ( lleekei.  Idbd.p  241 

So.  Ihe  Air  Force  approach  of  paying  proficiency  pay  incentives  to  .Is  siiecific-l rained  personnel  can  work 
economically  when  properly  used. 
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Mhkvi  ( iimsidoK'il  »lia(  sliiuild  be  iiuliuleil  as  ihe  eosi  ol  peiloiimiif;  OJ  V He  asked  nsIui  pail 
ol  a ruin's  «nula>  sliould  be  added  U*  Inienone  woikoi  income  u*  deline  ibe  loial  cosi  ol  lU  I Hisanswei 
was  "none."  il  all  ol  Ibe  Inin's  oiillay  wascoveied  by  lediiced  woikei  inanne.  He  also  noied  ibai  "Adding 
a linn's  outlays  in  ibis  case  would  coiislilule  double  anuiiiuj!"  tMuicei.  p He  added  ibai  when 
woikeis  did  not  sbouldei  Ibe  whole  cost  ui  u'dneed  wages,  ibe  fuin  expected  lo  lecoup  ibe  dilieieiice  laiei 
III  Ibe  lonn  ol  a dispaiiiy  belweeii  wage  and  luaiginal  I'loduci  ol  Ibe  woikei  He  concluded  ibai.  "Il  is 
impossible  u>  esiiiiiate  bow  laige  a I'lacliiHi  ol  rum  oiiilays aie  cosis  home  by  ibe  Inin"  (Miiicei , p >2) 

Muicei's  jppioacb  lo  esiimaiiiig  ibe  costs  ol'  tVJ  1'  in  leiins  ol  loiegone  iiK-ome  would  be  to  compaie  a 
gioup  ol  individuals  wIh'  engaged  in  OJ  1'  wiib  a similai  gioup  ibai  did  not  He  would  cvivci  ibai  ibe 
age/eainmgs  piolile  loi  ibe  Inst  gioup  wmild  tie  bigbei  Ibaii  ibai  loi  ibe  secoiul,  ibe  dilleieiice  tn'iiig 
lellecied  in  the  leiiiiiis  lo  OJ  I ai  lalei  stages  and  ibe  costs  al  eailiei  stages.  He  staled  Ibat  sucb  a 
compaiison  is.  unloi  tuiialely  . einpiiically  iiiUHissible  due  lo  ibe  inability  to  appiopiiaielv  clas.sily  woikeis 
He  cited  an  evceplion  inovided  by  ibe  I'mismnei  Omoii  Panel  I'loin  a sample  taken  iii  wbicb 

uidicaii'd  ibai  ibe  laigei  ibe  dilleieiice  al  ibe  eaily  siage.  ibe  gieatei  ibe  dilleieiice  laiei ; i.e..  dial  a gieaiei 
iiivesimenl  yielded  a giealei  leiuiii 

Since  be  did  noi  have  evaclly  die  data  needed,  be  used  an  alieiiialive  melbod  lo  eslimale  Ibe  cv'sis 
and  ieliiins  ol  OJ  I He  compaied  Ibe  income  e\(K‘iiences  ol  college  giaduaies  wiili  llucse  ol  bigb  scbool 
gi  ad  nates 

He  as.sumed  dial  op|H<iiuiiily  costs  ol  college  alieiidaiice  weie  appiovimaied  b>  die  income  ol 
compaiable  gioiips  lo  die  college  sliideiils  wbo  woiked  msie.id  i>l  alleiidmg  college  Hieie  vveic  some  biases 
III  ibe  I'loceduie  wliicli  Miiuei  emiineiaied.  aiiu>iig  wbicb  weie  llie  pioblems  ol  using  cmss  sc'ciunial  data 
wiib  seculai  cbanges  in  ibe  eaimngs  slieams.  and  llie  pii'bable  sell  seleclion  ol  luinlngb  sclmol  giaduaies 
widi  ies|K'cl  lo  lace.  occup.iiion,  ami  10  l aini  Wvnkeisand  niuioiilies  weie  biglilv  lepiesenied  in  ibe  cailv 
dio|Hiuis.  and  then  pios|vcis  loi  income  ami  leiiiiii  lo  liiiiiiaii  capital  mvesinieni  weie  piob.iblv  diHeieiii 
lioni  while,  nontaim  dioiionls 

In  esinn.iiing  iiaimiig  ciisis.  Miiicei  noted  dial  die  I'lguies  be  woikeil  wiili  included  only  Inins  wbicli 
bad  loinial  iiammg  pn'granis  Hieieloie  die  esinnaie  id  total  s'osis  "misses  all  costs  incuiied  in  iiiloim.il 
liainiiig.  wbicb  is  die  ivpic.il  silualiini  only  In  2 peicciil  ol  rums  in  New  Jeisey  bad  loini.il  iiamnig 
pn'gianis"  (Miiicei.  I'H'2,  p n.H  Hie  niililaiv  e»piiv.ileni  ol  these  loinial  piogianis  is  called  die  lecbmc.il 
scbool.  wbicb  .iniounis  lo  a coiuleiisi'd  loim  ol  specilic  liainiiig  done  al  a miliiaiy  Iccbiiical  iiainmg  ceiiiei 
Miliiaiv  liainiiig  w.is  included  in  Mnicei's  loi.il.  ami  il  was  eslimaied  al  $1  n billivni  in  I'ls')  His  data 
included  mililaiy  si'IuhiIs  and  liaining  piogianis.  bul  excluded  basic  depieciaiuui  i>l  ispiipmeiii  (Miiicei, 
I**n2.  p n.t|  Hill/  (noted  by  Mincei  I estimated  diis  data,  wbicb  also  apiHMied  lit  have  excluded  niosi  loinis 
ol  OJ  I Ibe  oiiK  pail  ol'  (HI'  included  in  dial  aggiegalion  was  die  ciealion  and  distiibuiion  ol  caicei 
developmeni  coiiise  (CIX'I  niaieiials.  as  those  weie  die  i<nl\  lelevani  d.ila  le.idily  available  al  die  lime  ol 
Mnicei's  papei 

•Ai/igian  (l*><<7J  made  an  aliempi  lo.iii.ilv/e  die  cosis  ol  (HI  loi  die  Naw  Some  veiv  inleiesinie, 
simpblvuig  assumpiions  weie  made  wbicb  ni.iv  be  leasible  lor  luiuie  studies  in  die  same  aiea 

1 Hie  lengili  ol  lime  il  limk  lo  aiiani  loniiiev  man  level  (evpiivalenl  to  die  skill  level  in  die  I'S.M  ) 
was  deixMideni  on  die  s(X'ciallv's  membeisliip  in  one  ol  loin  categmies  disiin.guislied  b\  ly  |v  ol 
eniplov  iiieiil  (liiiiclioii)  ol  die  tiaiiiee 

2 lacb  caliYoiv  bad  a dilleieni  nine  s|'an  beivveen  exit  lioni  die  lecimimenl  Ixisic  liainnig  phase 
and  allainmenl  of  loninev  man  levels,  langing  lioni  I ' lo  In  nionibs.  dei'ending  on  die  coiniilexilv  \'l  die 
six'ciallv 

J .AiiauinK'iii  ol  iliis  level  iniplieil  .i  t.ipabiliiv  lo  do  vvoik  in  die  s|vci.iliv  wiibonl  close 
supei  vision 

■J  A man's  ellecliveness  incie.iseil  lineailv  lioni  die  iinieol  Ins  exit  lioiii  basu  iiaining  lliioiigb  die 
conn'Ieiion  ol  (VI I lo  loiiinev  man  level 


Tliis  final  assumption  implied  that  by  the  end  ol  a lormal  school,  the  jierson's  value  had  increased 
without  cost  to  the  OJT  system  (all  costs  haviii};  been  absorbed  by  the  formal  course)  and  that  this  level  of 
elTectiveness  was  the  one  at  which  he  started  his  OJT.  i-'urther,  this  implied  that  this  rate  of  learning 
continues  essentially  forever  (at  least  timnigli  the  journeyman  level).  A further  assumption  was  that  the 
su|H'rvisor  spent  five  percent  of  his  time  with  the  trainee  and  was  of  the  Ii6/K7  rank. 

While  ruHie  of  these  assumptions  would  likely  yield  an  exact  and  accurate  estimator  of  cost  at  any 
one  time,  in  the  aggregate,  each  was  pti'bably  a fair  estimate.  I'oi  instance,  it  was  unlikely  that  the 
incremental  utility  of  the  trainee  increased  linearly.  It  was  iiKire  likely  that  there  were  decreasing 
incremental  returns.  By  the  same  token,  it  was  likely  that  learning  took  place  less  rapidly  on  the  job  than  it 
did  in  school.  The  sum  effect  of  these  two  nonlinear  functions  might  be  approximated  by  the  straight  line 
lunction  Ar/igian  posited.  Note  Figure  I,  area  A.  under  the  straight  line.  This  represents  a hyi'Kithetical 
recent  graduate's  utility,  starting  with  his  critical  low  productivity  in  terms  of  the  mission  and  his  rapid 
adjustment  and  increasing  utility,  which  finally  intersects  the  projected  utility  sometime  after  his  arrival. 
Area  B represents  the  excess  of  actual  utility  over  estimated  utility  through  the  attainment  of  journeyman 
status.  To  some  extent,  area  A offsets  area  B and  tends  to  make  f(x)  a reasonable  approximation  of  u(x). 
The  same  analysis  applies  to  the  use  of  a constant  live  percent  time  investment  by  the  supervisor,  with  the 
early  investment  heavier,  and  the  late  investment  lighter  than  the  constant  rate. 
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l ot  application  to  the  Aii  l ouo.  tins  analysis  leads  to  ditticnlty  in  deieMiiiniiig  the  lennili  ol  time  ii 
lakes  to  leacli  the  joiiriieyinan  level.  While  Ai/igian  divided  the  Navy  iK'isonnel  into  loin  eatejioiies 
i reclinician.  Meeliaiiic,  DpeiJtions,  Siip|H>rl  > with  diMeieiit  nines  to  piotieieney,  tioiii  IJ  to  Mt  nionitis. 
llieie  IS  no  eonipaiahle  aii)ninieiit  lot  US.M'  peisoiinel.  I'lie  loin  ealegoiies  used  to  sepaiate  An  I oiee 
caieei  Ik'KIs  would  have  inteinally  diveigenl  levels  ol  ddlivuliy.  and  so  aie  not  siiseeptihle  to  easy 
iteneiali/alioii 

(.'aiiH'iitci  (l‘)70)  deseiihi-d  the  An  I oiee  iiainiii)’  pioniant.  its  use  ol  skill  levels  and  vaiious  iiaiiiiiiti 
methods,  and  the  pioMeni  ol  inatcliiii);  tiaiiiiii)’  needs  to  iiainin}t  piopains.  Oeeupalioiial  surveys  and  then 
use  III  desi)tnin)t  euiiieula  weie  iiieindeil  in  the  analysis  Questions  ol  the  cost  ol  desi)tniii)t  eouises  with 
iiainee  attiihutcs  in  mind  aiose  when  deeidtiiyt  wheihei  to  iiK'liide  siihjeels  in  a leehnual  seluHil  oi  in  QJ  1 
and  wheie  neiiliei  may  be  appiopiiate. 

the  -Vii  I one  i-  .il  a senoio  die.idvaiil.iiie  in  ,i|>|>io.ii  liiiic  ihi>  ipieMion  iH'e.iiise  llie  ootsol  11.1 1 .iml 
I'lliei  liaiiuiii'  in  .1  iiUi  seliiiu',  ,iie  lu'i  kiioun  In  l.ui.  11  111.0  well  I'e  lli.il  llie  Inilk  ol  ii.iiiiiiiy  isoo  .iie 
liivldeii  in  llie  opei.Uiny  huvli'.eo  i*l  llie  iii.i|oi  iiiniiii.iiulN.  ailli  llie  leMilo  lli.il  llie  yie.iie\i  elloil  lo 
jeliieve  liamiiii'  ellieieiiei  iv  loeioeil  on  .•\n  lijiniii.e  I oniniaiul  l AII.  1 iiieiely  Iveaioe  iis  eoel  o 
Klenlili.il'le  ae  li.iiiiiny  eoel  il'aiiviiiei.  t'l7u.  p.  I'l| 

Doll.ii  ool  dioiiKI  iiol  tie  llie  \ole  ileiemiiiiaiil  ol  iiaiiiiiie  iiKule.  Iioaeiei  in  llieee  I li.i/.iiiloio 
liaiiimyl  eaee-e  llie  ipieslion  ol  itoU.ii  o'sl  Iveoiiies  lli.il  ol  deleiiniiiiii);  lion  lo  Miiiiilale  llie  aiiioiiiil  ol 
ie.ili\iii  iieeetvsl  loi  niiiiiiiiiiiii  ilollai  oiel  I (.11  pen  lei.  I '770.  |'  701 

Ihe  actual  cost  ol  doiiij;  daiiiieions  Iiaininy;  on  the  job  is  liiidi  when  the  costs  ol  lile.  piopeity . and 
tveisoiial  seivice  are  evpiicitly  included,  loweiinn  Ihe  risks  associated  with  job  (viloiinaiice  has  a 
subslanlial  hisioiy  ol  econoiiiic  laihci  than  liuiiuiniianan  cau.ses.  and  tins  ca.se  is  no  dilteieiit  Ihe 
Itoveinnieni  is  lespoiisible  loi  the  caie  ol  iiijiiied  peisoiniel.  and  it  is  beliei  business  lo  pay  lo  prevenl 
accidents  tluui  to  pay  lo  heal  the  iiiiured  t'aipeniei  (U>70.  p.  70j  also  asseiled  that  hipli  level  suivivisens 
were  not  lewaided  01  rated  lor  their  peiloiniance  as  liameis  Ihi  the  coiiliaiy.  then  peiloiiiuuice  in 
inaiiilaiiim)t  and  iinpiovmp  the  pioliciency  of  their  subordinates  is  very  deljiiiiely  a part  id  ilieii  assijaied 
duties.  It  IS  very  appaieni  that  then  piiiiiary  (ob.  coiiipleliiiji  then  mission,  is  quite  deiviuleni  uiiiiii  the  skill 
of  iheii  workers. 

Regardini;  the  jieneiahiy  of  instiuciioii  and  its  applicability  lo  the  same  tasks  in  chaiigiiij!  settings, 
(’aipentei  said. 

I'cili.ip\  llu-  l>i\l  «.i>  10  develop  die  li.uiiee'v  al'ilily  lo  iieiiei.ilire  uiltuuil  oierjleneiali/ini;  iioiild  Iv 
lo  invv  liini  opiHiniimnes  10  perform  die  Vinie  l.id.  imdei  vvKieh  v.iiiiny  ivimlilioiiv.  and  dii-.  eaii  Iv 
.leo'iiiptislieil  mosi  readily  111  lonii.il  iianiiiiy  loi  esaiiiple,  dillereni  isniimaiidv  may  have  dilleieiii 
ris|uiieiiieiil'  lor  doeuiiieiilalion,  dilleieiil  aiiKuiiils  ol  lime  niav  he  allolled  lo  Ihe  l.ivk.oi  dideieiii 
iiiisev  ol  skills  may  he  nvd  m carry  mi:  il  oiii  ip  7NI 

I'loni  the  siaiidivnni  of  etTiciency.  however,  it  apivears  that  iheie  is  a decieasmg  leiuin  on  investment 
as  trainees  are  tailor-made  for  siHvific  jobs.  When  Ihe  additional  burden  ol  kiH'|viiig  the  school  eiiiienl  has 
been  added  to  the  e\(H'iise  of  tailonng  instniclion.  the  incieasevl  pioductivity  ol  graduates  has  lailed  lo 
pislify  the  costs  id'  Ihe  tailored  pmgiaiii.  A graduate’s  I'aniiliaiuation  time  at  his  liisi  assignment  might  'v 
slightly  reduced  it  the  precise  conditions  lo  be  met  were  included  in  alternative  loi  mats  iisi'd  in  the  school, 
(hheiwise,  the  only  tiamiiig  used  on  the  job  is  the  Sjiecit'ic  skill  (niaiiual  or  olheivvisel  learned  plus  some 
degree  of  |ob  laniihiiriiy  lesiilling  Ijoin  the  multiple  training.  It  is  likely  that  the  repeated  instruction 
piopyised  (typically  haiuls-on  Iramiiig)  is  most  elljcienlly  ilone  oii-ihe-job,  wlieie  a oiie-toiirie 
coriespoiidence  exists  between  what  is  taught  and  what  is  needed.  Ihere  should  be  no  loss  ol  elliciency  it 
iheie  IS  a diiect  coiiespondence  between  iiainee  perfomiance  in  school  and  w hat  the  iiainee  is  expected  lo 
fH'iforin  on  the  job.  Ilowevei,  the  mie-to-one  inslructoi/sliuleni  latio  whicli  apivais  to  tv  inellicieiii  on  the 
job  would  have  to  be  duplicated  in  Ihe  classroom  if  good  results  wen.'  to  be  obtained. 

Pie  next  point  made  was  that  training  should  be  aimed  lowaid  peiloiniance  ol  job-ielaied  la.sks 
lather  than  general  knowlerlge.  ('arpenler  suggested  limiting  the  delivery  ol  geneial  backgiound  mioinialion 
and  theory  to  that  required  lo  suinmari/e  general  piinciples  and  lo  teach  the  jaigmi  ol  the  tiade.  She 
presented  the  view  that  training  may  be  loo  lask-orieiiied  to  provide  Ihe  general  iindeisl.iiuling  ol 


"pi  inciplos  of  job  iH'rfonnaiK-e"  (rules  of  Ihuinb)  used  by  jourueyiuen.  Sire  obseived  that.  ” Hiese  are  ofleit 
r|uiie  unrelated  to  the  theory  ol  uieehanies  and  other  subjeets  that  pass  as  ‘fundamentals'  in  mueh  rrf  fonnal 
tramini;."  (('ariH'ntei.  I‘>70,  p.  22).  In  other  words,  piescntnt!;  inappiopiiate  baekitiound  information  is  no 
better,  and  probably  worse,  than  pieseniinp none  at  all. 

lire  mam  problem  in  matehing  training  programs  to  the  needs  of  the  Air  I'oree  was  lhat  there  were 
iro  iiiechanisiius  lor  aiitomatie  adjustment  of  eoursi.  eoirtent  and  instructional  methods  ot  changing  student 
jxipulations  and  training  rei|uiremeiils.  According  to  I'aijviiter.  "Usually,  however,  until  the  mismatches 
become  trx>  severe,  individual  tiaiiiing  programs  slowly  drill  toward  less-aiid-less-efficieni  matches  with  the 
lob  iei|uuenieiils"  (Carpenter.  U)70.  p.  2.f). 

riie  rc’ixiil  concluded  with  a section  ol  future  directions  for  research.  Areas  of  necxled  research 
included  job  desciiptions.  measiireiiient  ol  iiaiiiee  allnbuies.  deter minal ion  of  course  content,  whether 
tiaiiiing  should  be  done  in  a resident  scluxil  or  on  the  ji'b.  arid  |xissible  instilulioiial  changes  for  enchanciiig 
the  efricienc)  ol  upgrading  the  skill  level  of  airmen. 

CrHijiei  and  Koll  (l'>74)  addressed  the  iiilerchaiigcability  of  capital  and  labor  in  the  production  of 
deleiise.  lire  aiiihois  desired  a more  efficient  alhxatioii  of  resources  in  ihe  military  sector,  niey  suggested 
lhai  the  Deparlmeni  ol  IX’leiise  (IX)I)).  by  not  |ruituig  Ihe  necessary  etVorl  into  including  costs  in  early 
I'laiining.  was  pennywise  and  pound-foolish.  The  franievvoik  the  aiiihors  used  was  a standard  economic 
tool,  the  production  funclion.  0=UK.l ) where  output  tO)  is  a fiinciioii  of  cajhlal  (K)and  labor  (I  V Hiey 
then  ixunied  out  several  standard  observations  about  the  capital-labor  ratio.  Ihe  impact  of  leclinological 
iniiovalion.  and  the  imphcalions  of  changes  in  paymenis  to  capital  and  labor.  The  result  was  a simple 
recommended  approach  to  Ihe  problem  of  resource  allocation  of  IX)I'). 

However,  the  authors  overlooked  a I'ertiiieiil  side  issue  which  cruifoiinded  the  analytical  j'rocess 
uivesliiieni  in  huinaiis.  Such  investment  is  actually  a capital  exjxuise.  but  it  apjieared  in  their  analy  sis  only 
as  a personnel  (labor)  cost.  Ibis  lacloi.  lell  uiiconsidered.  leads  to  a higher  real  capital-labr'r  ratio  than  the 
slate  of  Ihe  economy  actually  vvaiiants. 

In  addition  to  the  human  capital  asjiecl.  theie  was  aiuither  problem  in  the  analysis.  A simpler  method 
of  arriving  at  an  optimal  resource  allocation  was  to  adjust  the  capital-labor  lulio  (i.e,.  ailjusl  additional 
siXMiding  on  each  factor)  until  the  marginal  productivity  of  the  e\|xuulituie  for  each  vv;is  eiiual.  I•ollowlng 
this  procedure,  w ith  inci easing  wage  rates,  uivesimeni  in  capital  may  be  made  and  labor  riuaniilies  may  be 
cut.  until  the  ratio  of  the  marginal  productivity  of  capital  to  the  inaigiiial  productivity  of  labor  is  eijual  to 
the  ratio  of  their  price.s.  nii.s.  in  tuiii.  implies  that  the  contribution  to  output  of  the  last  dollar  expeiuled  mi 
each  factor  equals  the  total  derivative  ol  output  with  respect  to  ci'sl.  Hie  result  of  this  approach,  however, 
is  the  same  as  that  of  l\Hi|X'r  and  Roll  an  mciease  in  the  relative  cost  of  one  factor  should  lead  to  a 
siibsiiliition  ol  the  relatively  clieajx'i  lacloi  lor  the  other  at  the  margiii.  .A  coiifusiiig  elemeiil  introduced 
into  the  analysis  was  intlalion.  where  the  price  ol  each  lactoi  rose.  Instead  Ihe  assuiiij’lion  slimild  have  been 
that  Ihe  factor  changing  most  slowly  was  consianl.  with  the  other  factor  expressed  as  a function  of  the 
iiuiner.aite  Ihis  would  adequately  adjust  their  relative  rates,  iinj'ly  ing  a shill  in  resource  allocalitvn.  rather 
thill  using  an  arbitrary  across-the-board  adiiisluienl  in  spending  on  each  factor.  This  would  not  have 
changed  any  conclusions  reached  in  their  paper,  however. 

The  authors  included  an  empirical  lest  of  their  approach,  and  demoiistraied  that  the  cost  of  Ihe  labor 
lacii'r  has  risen  taster  than  Ihe  cost  ol  Ihe  capital  lactor.  at  least  in  Ihis  coiiiilry  over  the  past  I 5 \ ears.  Tlie 
iinphcalion  was  lhat  resource  allocation  should  have  shifted  to  a more  capilal-iniensive  orienlalioii. 

llie  conclusions  of  their  paper  were;  (a)  that  a more  capilal-iniensive  alUxalion  of  resources  was 
probably  neces.s;iry  then  and  in  Ihe  future,  and  (b)  that  the  iialure  of  the  budgetary  process  in  governineiil 
and  in  the  services  did  not  promote  trade-offs  between  capital  and  labor. 

Maiiltsby  . ITIis.  and  1 ulioii  (l‘>h'>)  denned  a structure  for  classifying  cost  models,  I'acli  category  vviis 
treated  by  describing  the  characteristics  of  its  models,  a ineihod  for  deriving  such  models,  and  an  analy  sis  of 
a iiu'del  Iroiii  each  category  . The  authors  described  Ihe  eleuienis  ol  cost  models  and  deTuied  the  problem  of 


It) 


ii'sl  iiukIcI  cla.ssirii:alion  as  a set  i>r  i|ucsli'"is  ti>  be  aiKliessi'il  by  then  leseaieb  A elassilleaiiiMi  sNsieiu  \v;is 
ebosen  vsbieb  \sas  based  uihhi  lunelioii  and  stiuetiiie  ol  the  nividels  I'lie  e.iieitniies  vseie  called  banluaie. 
system,  loiee  stmettiie,  and  special  punH'se.  Ibev  \seie  discussed  nulls idiialU  and  example  anals  ses  sseie 
desenbed.  I'be  catej^nies  coiies|H>nded  ion):lil>  to  cisilian  ideas  ol  c.|mpinent.  111111, ecoiuMiiic  sectoi.  and 
six'cial  pmixise  pioitiain  (models)  Die  liaidwaie  model  piesenied  bad  been  deseloivd  by  AKINC'  Reseaicli 
('oipoiation  III  l'>(s7  and  applied  to  sliii'tx'aid  electmmc  esiiiipment  Hie  system  nuKlel  (ssliicli  loi  the 
IX>1)  meliided  initial  tiammg  as  an  oix'iatmit.  latliei  than  an  msestment.  eost)  divided  eosts  into  ihiee 
phases,  leseaich  .nd  develoi'iiient  (Ri.Vl>),  invesimeiit.  and  o|X'ialions.  Ihe  iiuxlel  s(Vcitied  that  system 
I'osts  do  not  beeome  leally  eleai  until  the  RAD  phase  has  leached  the  eontiact  det'imtion  stage  At  that 
point,  il  lui  rinthei  leehiiologieal  bieakihioiighs  aie  letpiiied.  giiod  cost  estimates  aie  possible,  but 
inriec)iienily  piepaied.  because  ol  a shoitage  ol'  ciualil'ied  iiulustiial  engmeeis  to  piepaie  esiimaies 
Uneeitamty  is  huge  until  all  the  teehmeal  adv.inees  have  been  made.  Hus  is  because  loo  little  giKul  hisicnic 
eost  data  on  olhei  RXH  ell'oiis  exist  Duimg  Ihe  mvc-simeni  phase,  huge  elements  I'l  the  total  eost  ol'  a 
system  Iveome  nioie  delinile  and  piediei.ible,  and  sviih  the  eommeneemeiii  of  the  opeiaiions  phase,  all 
eosis.iie  known  (01  at  least  deieimmable) 

File  model  chosen  as  lepieseniative  ol'  the  system  nunlel  was  the  tactical  siipixni  aiiciall  cost  nuxlel 
ol  the  Aeionaulieal  Systems  Oisision  Vhe  aulhois  lound  that  the  model  ec'iiloinuxl  closely  to  the  R.incl 
(Novick.  I‘hs.')  melluid  ol  analy/ing  costs  ol  RcAO,  msestment,  and  opeiations.  except  m the  inclusion  id' 
tiainmg  eosts  in  Ihe  opeiation  eategoiy  i.iihei  than  m the  insestmeni  caiegcns.  and  Ihe  elimination  ol 
command  supixui  opeialing  costs. 

Hie  authors  menlioncxi  the  use  ol'  lime  phased  system  cost  nic'dels  and  iliedilTeienee  betwevn  them 
and  static'  nuxtels  laigely.  that  diHeienee  is  lellected  in  IHM)|  7041  (miplemeiited  111  AI  R 172-7) 
iec|uiimg  the  weighing  ol  costs  and  benerns  id  alleinalise  msestmenis.  The  auihcns  explained  the 
ec'iiip.iiisc'ii  cd'  alleinatives  by  discounting  ol  all  benerns  and  costs  to  a ec'inmon  lime  using  a ten  ix.’ieent 
mieresi  lale 

Hie  thud  calegcsty  discussed  w.is  the  loiee  siiiictuie  eategoiy . An  am.ilgam.iiion  ol  all  ei'sis  insolsc'd 
at  the  highest  level  cd  deeisic'ii-making.  a loiee  sliiiciuie  model  uses  system  iiichIcIs  iii  the  same  w.is  that 
ssslein  iiiisclc'ls  use  haidssaie  models  as  the  basic  input  hoice  sliuctiiie  nusdels  neat  existing  m.inpossei. 
laeiliiies,  and  ei|uipmeiii  as  given  and  deinonsliate  the  additional  cost  ol  a change  (net  change)  01  they 
ci'iiipare  the  iid.il  ec'sis  id  dilteient  asset  eonrigiiiaiions.  l oiee  siiuetuie  models  eoiisulei  time  ex|diciily  . as 
do  the  limephased  sssiein  models,  and  considei  items  outside  s(veil'ie  systems  (eg.,  mission  suppoit)  111  the 
total  In  es.sence.  the  loiee  siiiieluie  model  aii.ils  /es  ss  stem  and  oseihead  eosts  m total  Hie  example  iiu'del 
used  by  the  aulhois  was  the  N.iss  I’logiam  I s.ihiaiion  I’loeedure  (N  W I’I  P)  deseloix'd  by  the  Cieneial 
lleeiiic  (■onx'iaiion  I'smg  I'l.uining  lactois,  loiee  sliiieluies  .iiid  exogenous  s-aiiables.  called 
■■thii'iighpuls.'  the  niixlel  yielded  the  lolal  eosi  to  the  Nass.  with  only  minoi  omissions 

I'lie  loiiiih  caiegoiv  deliiied  b\  ihe  authois  was  s|X'cial  piiipose  iiicxlels  I'liese  weie  models  which 
neither  tri  Ihe  other  ealegoiies  1101  weie  pail  ol  othei  models  I xaniples  ol  s(\\ial  puiivse  iiiixlels  weie  a 
IH'isonnel  model  developed  lor  Ihe  Navy,  and  a m.imienaiice  eost  model  developed  bv  Rand  I'oi  the  An 
l oicv  Hie  Navy  nuxlel  was  a laiily  logical  liamevvoik  loi  deieiiiiiiiing  level  ol  lep.iii  loi  eiiiiipment  Id  the 
two.  the  maiiileiiance  model  has  leeeived  iiioie  atienlioii 


III.  III!  (.I  NI  KM  nil  KVU  Kl 

Hus  seelion  covers  seveial  ix’iipheial  areas  not  included  111  ediieaiional  cosi  aiuily  sis,  m a bioadei  and 
more  supetlieial  review  Piese  areas  lel.ile  to  this  sludv  as  backgioiiiul  maten.il  Die  iii.ini  aie.is  ol  inieiesi 
are  wellaie  theoiv  , human  capital,  and  loini  piodueiion 


The«>relical  Issues 


('eniral  to  the  discussion  i)!'  tlie  economics  ot'educution  are  two  areas  of  economic  theory,  wclfai' 
and  human  capital.  Well'are  theory  is  pertinent  because  it  provides  a framework  for  considering  tire  effects 
of  economic  externalities.  Kdueation  and  training  produce  their  output  largely  in  a form  external  to  the 
“firm"  which  is  doing  the  production.  The  firm  involved  here.  DOI),  is  collective  in  nature,  suffering  from 
the  disadvantage  of  producing  an  output,  the  demand  for  which  is  not  subject  to  normal  supply/demand 
interactions.  Tlie  theory  of  human  capital  is  the  second  area  of  economic  theory  comprising  this  review.  Its 
im(H)rtance  is  fairly  obvious,  as  education/training  is  one  of  two  major  forms  of  investment  in  human 
capital;  health  is  the  other  form. 

Welfare.  It  has  been  assumed  by  most  bodies  of  conventional  economic  theory  that  an  individual 
attempts  to  maximi/.e  his  own  welfare.  Within  a capitalist  free  enterprise  system,  there  is  no  welfare  which 
docs  not  eventually  accrue  to  an  individual.  Tlius,  total  social  welfare  is  essentially  the  sum  of  all  individual 
welfare.  Systems,  organizations,  governments,  etc.,  do  not  have  a welfare  function  of  and  by  themselves, 
and  they  are  valuable  only  insofar  as  they  add  to  the  welfare  of  individuals. 

I’tihlic  luiterprise.  A public  enterprise  is  one  which  is  collectively  owned  by  the  populace.  However, 
the  people  have  not  directly  purchased  it  and  cannot  sell  it.  The  people’s  share  of  the  enterprise  is 
indetenninate,  and  the  benefits  they  reap  from  it  may  or  may  not  be  measurable.  In  general,  consumption 
of  the  product  of  an  enterprise  is  relatively  clastic,  with  one  individual's  consumption  not  affecting  the 
product’s  availability  to  another,  or  its  price.  There  are  many  exceptions  to  this  rule,  often  due  to  the 
effects  of  congestion,  as  in  the  use  of  public  roads.  This  constraint  docs  not  operate  in  the  enterprise  under 
discussion,  the  Department  of  Defense.  Its  product  is  defense  for  the  entire  population,  and  implicitly,  for 
the  individual.  Tlie  consumption  of  defense  by  an  individual  does  not  affect  coi.sumption  by  others,  and  is 
unrelated  to  its  cost.  “Defense’’  has  no  price,  so  the  normal  equation  of  cost  and  price  at  the  margin  docs 
not  regulate  its  production  level.  Ttiis  leads  to  problems  when  the  question  of  further  investment  arises. 
Investment  normally  takes  place  when  price  is  higher  than  marginal  cost,  at  least  in  a com|K'titive  situation, 
and  continues  until  cither  the  cost  rises  to  meet  the  demand  price  (by  virtue  of  decreasing  marginal  returns) 
or  the  increased  output  forces  the  demand  price  down  to  the  marginal  cost.  This  adjustment  priK-essis  in 
the  very  nature  of  the  marketplace  and  is  the  essence  of  the  “invisible  hand."  What  hapiiens  when  there  is 
no  price  to  determine  marginal  return?  In  reality,  the  problem  has  been  solved  by  the  (xilitical  process, 
which  is  a substitute  for  the  marketplace.  The  Department  of  Defense  receives  an  allocation  theoretically 
based  on  the  public’s  desire  as  exprcs.scd  througli  their  votes.  In  o’her  words,  we  have  a primitive  points 
rationing  scheme  which  should  work,  if  grossly,  to  allocate  public  resources. 

If  the  public  enterprise  wishes  to  make  an  optimal  investment,  by  definition  that  investment  must  be 
such  that  it  maximizes  social  welfare  (the  combined  utility  for  the  total  population).  Obviously,  ihisdiKs 
not  necessarily  occur  automatically,  as  there  is  no  price  mechanism  at  work.  Because  of  lliis.  some 
assumptions  must  be  made  about  the  capital  rationing  system.  One  assumption  which  is  possible  and 
perhaps  neccs.sary  is  that  the  good  of  the  society  is  served  by  the  good  of  the  Department,  within  a budget 
constraint.  The  budget  constraint  operates  both  to  allocate  capital  and  to  avoid  inter-departmental 
comparisons  of  utility,  essentially  by  declaring  them  solved.  The  problem  is  reduced  to  deciding  between 
alternative  investment  possibilities  within  the  Department.  Another  assumption  is  that  of  all  the  alternatives 
available  to  the  DOD.  the  choices  made  are  at  least  locally  optimal  in  the  mathematical  setisc.  This  might 
result  in  an  approximation  of  a second-best  solution.  For  investment  opportunities.  A,  B,  and  C;  1 = 
Investment;  II  = Utility: 

U(A)>U(B)>U<C) 

ABC 


A + C=  B = I 

where  U(B)>U(A+(’).  In  this  case  A and  C will  be  chosen  from  a list  ordered  by  marginal  utility 
althougli  B would  be  a superior  choice. 

In  order  for  the  DOD  to  make  a decision  between  opportunities,  (lecuniary  results  must  be 
predictable  and  external  effects  must  also  be  taken  into  accour.i  While  treatments  of  externality  usually 


assiiDK'  ai)  cxK'MUililN  iiuposi'J  u|H)ti  a Paiotn  uplinial  situadon  (l)ollH'ai.  I'>(t7).  ihi'  pn'M'iil  sitiialioii  niiisi 
assiiiiio  loss  that!  Paiolo  o|<(iiiialiiy  (o  slail  Williiii  a laigo  ooiiiialiA'J  oifMiii/aliiui.  it  xumlil  K'  MiipiiMti)'  it 
uiaigiiial  oviiutilioiis  woio  soiioiisly  ooiwkIoiovI,  iiuioli  loss  mot  I'lto  mtly  oomionno  oilloiioii  oiMtsuloiotl  is 
the  ort'oclivoiioss  ol  llio  oiitiio  tiiiit,  siiico  llio  liiitl^tol  const laiii.s.  and  actually  dolinos,  total  cost.  Hicic  is 
lilllo  alloinpl  to  loduco  actual  annual  o\|H'ndiluios  below  the  hudgoi,  lu'causo  any  oconoiny  which  would 
do  so  would  ho  Idrcod  niiiiK'diatol)  into  incioasiii}:  soiiio  |<oiroiinanco  ciiloiioii.  I'hoio  i.s  no  aitcini'i  to 
oquato  tho  inaiyt.nal  piodticlivitios  ot  dopartiuonis,  since  the  dopaitnu'iils  have  somewhat  diltoioni  tuiulint: 
situations.  A slioil  nolo  at  this  point  may  give  the  llavoi  of  the  sotlinit.  I nihovon  and  Kown  ( I'tt'l ) spoke 
ol'  the  IVpartiuonl  ol  IVIonso  as  an  anomaly  of  soils. 

I'ho  Uolonsi'  ou'ioMiu  is  nuiio  liko  llio  oooiu'nu  ol  .1  isilloiio  siiuloiii  Ivini'  siippoiiisl  hv  Ins  l.ulioi. 

Ill, III  like  llio  OOSIIIOIIIS  ol  ,1  lloilsollolll  ll>lll)!  to  allos.llo  lls  OS|H'lullllllOS  OlllOIOIIIIl  Wlllllll.l  lisotl  sol 
ol  iiusniio  )iossil’ilil>os  llio  sollopo  hoy  iiui  loooivo  a ss'i  .illow.nuo  lo  soioi  iiiiiiiiiial  liiiiiy  01 
oi'oraliii)’  ospoiisos.  Inn  Ivvoiul  llial  lio  iiiiisl  poisiiavio  Ins  lailioi  ol  ilio  laliiool  a pailioiilai  piopM  lio 
wauls  liiiaiioial  siipisnl  loi  Oiio  tlay  lio  iii.il  wain  .1  now  sol  ol  law  hooks,  .niotlioi  il.o  a now 
aiiloiiiolnlo  How  iinitli  ho  pols  will  ih-poisl  on  how  iniith  ho  asks  loi.  how  ho  pl.iiis  lo  s|H'iiiI  iI.  aiul 
also  on  how  ho  li. is  spoilt  Ins  iihoioy  in  llio  pasi  l lio  iin|ioi  lain  oliaraoloi  isiu  ol  Ins  oooiioiiii  is  ih.il  Ih' 

(loos  not  alloinpl  lo  allooalo  opiniiallv  wilhni  a lisisl  liiKlpol  oonsiiann  llos.iiiso  ilio  iipioal  l.nlioi 
ooiisidofs  liiiiisoll  lo  ho  Iho  inoial  .ouaidiaii  ol  Ins  son,  hiidpol  k'vol  and  allooalioii  ,110  niso|i,itahli  iiisl 
topothoi.  and  il  would  not  ho  lalional  loi  iho  son  10  ip.noio  Ihis 

III  iiuisi  cases,  this  etfeci  has  hivii  in  (ipeiatum  mily  at  the  highest  levels  df  hndgelnig,  wheie  ilie  leal 
e\|iendiiuies  are  fai  lenuived  Imm  the  hudgeiois.  In  geneial,  the  l)t)l>  decisum  makeis  have  iiied  in 
niaxinii/e  elTecliveiie,ss  and  igiune  niaiginal  cost-ieliiin  e<|iiality . Altei  all,  the  decisinn  niakei  who  actually 
foices  optimality  in  a purely  competitive  situation  is  the  individual  constimei  yvho  adpists  his  demand 
among  vaiioiis  goods.  .Such  atomistic  adiiistment  can  haidly  be  made  m the  ca.se  ol  a laige  I'liblic  entity  like 
the  IVpaitment  of  Defense.  Instead,  the  consumers  I'lefeiences  have  been  lilleied  ihiough  elecled  ollicials 
who.  III  oidei  lo  leiiiain  in  ofUce,  have  lo  salisly  only  a niaioiily  of  then  coiisliiiieiits  li  has  Iweii  in 
lesponse  lo  the  deiiiands  of  Congress  foi  "inoie  defense"  dial  the  Depaitmeni  ol  Delensy'  has  mcieased 
ptoduelion.  It  IS  unlikely  that  the  exiH’iuliluies  are  large  enough  lo  achieve  a social  opiimuni  foi  the 
IVpailnienI  as  a whole,  as  the  situation  is  so  far  Ik'iii  live  comivlilioii  llowevei,  economic  eMeinahlies 
occur  in  this  situation  and  must  be  esaniliied. 

Ikiloi  (I'lSS)  defined  c' leinalilies  as  Ibe  lelalionsliips  that  exist  outside  the  puce  system  yvbich  cause 
a divergence  iK’lween  social  and  (nivate  cosi  beiielil  calculation  .Since  very  little  ol  the  pinx'  system  has 
survived  the  bmeaucrali/ation  of  IX)D.  much  of  yvhal  goes  into  the  pioduclum  of  deleitse  can  be  tiealed  .is 
an  exteinality.  I'he  techni(|ue  used  to  evaluate  ex|H'ndiluies  in  the  tace  of  signiticani  exieinal  eltects  is 
called  cost-benelit  analysis.  Il  should  suO'iee  as  a definition  that  cost  benefit  analysis  is  ibe  com|Xiiisou  ol 
total  costs  to  society  yviih  retmiis  lo  society,  incindnig  in  ihen  eiiiiivty  both  iiioneianly  ineasniable  and 
nionlarily  nomneasiirable  items,  and  yveighling  for  lehabiliiy  and  immediacy . 

Ilie  concept  of  externality  is  relevant  at  tyvo  levels  lo  the  coiisuleialion  ol  IHM' myesluieni  Ai  the 
gloss  level,  defense  output  is  a huge  ingredient  in  any  iisk  calculations  ix'ilaiiiing  to  iiuhyidual  wi'llaie 
functions,  riiiis,  the  efficiency  of  DOD  invesliiients  is  a laige  pail  ol  the  total  wt'lfaie  tmiciion  Die 
IX'parliiicnt’s  invesinient  has  a great  effect  on  the  disiiihiition  of  nalional  income,  and  lessei  malieis  such 
as  the  distribution  of  population  aiouiid  installations,  have  an  effect  on  the  leal  income  of  individuals  Hoih 
elfects  have  remained  unnieastired  lo  a huge  exieni  At  a fmei  level,  much  of  IX>D's  invesimeiil  has  been  ol 
such  a nature  that  the  leal  effects  of  the  investmeni  on  society  weie  iieiiliei  delense  lel.ilcd  1101  leliably 
ineasmed.  I'or  instance,  effoils  lo  iniinoye  the  iierfoimance  of  a si'ivicemaii  may  have  side  ellecis  yyhich 
have  a significant  impact  on  .society,  while  pioviding  tangible  (I inancial)  lesiilis  foi  the  ni\esinig  .igency 
( Hus  area  will  be  fmlliei  examined  in  the  seclion  on  hmiian  capital  > I'he  exieinal  effects  could  easily  lesult 
in  a signiricant  alteiation  of  the  poilbdio  of  an  oigani/’atnin  w hen  the  leinins  to  maigmal  mvesliiienls  and 
proposed  iiivesinieni  aie  esiiniaied  with  some  reasonable  degree  I'f  accuiacy  fMaignial  iiiyestmeni  means 
the  invesinient  yvith  the  hiwest  rate  of  leliiin  It  is  a.s.smiied  that  iiiyesinieiils  aie  rank  oideied  In  i.iie  ol 
relmii,  and  inveslineiil  choice  is  a eompavtson  of  lyolential  and  extant  puiiects  based  (>n  y leld  1 iihoui 
coii.sideratioii  of  exieinal  effects,  it  is  possible  foi  an  invest ineni  lo  exist  with  a nominal  leimii  which  is  less 


lhan  Ihe  ictuin  ot  the  worst  oxistiM(t  ease,  but  with  a total  letiiin  greater  than  the  total  returii  to  the  worst 
existiiig  iiivestiueiit.  In  such  a ease',  iiegleet  of  the  external  el'leets  has  a ileHnitely  negative  elTeet  on  the 
oveiall  e|uahty  of  the  investment  luirtl'olio 

Showing  the  external  elTeets  ol  an  investment  with  a teini  siieh  as  i (e)  (return  to  an  eeonomie 
externality)  has  lent  a eoniroiting.  it'  false,  sense  of  pieeision  to  the  diseiission.  It  gives  the  inipiessioii  that 
there  is  some  ascertainable  interest  rate  which  can  be  iliscoveied  when  examining  external  effects,  lixcept  in 
unusual  circumstances,  this  has  been  ipiite  untrue.  Ilieie  is  a whole  range  of  utility  loss  or  gain  associated 
with  most  forms  of  externality,  loi  example,  not  only  is  it  impossible  to  tell  whether  the  odor  from  a 
rellneiy  is  more  harmful  to  individual  A's  welfare  lhan  to  individual  B’s,  but  it  is  also  imceitam  whether  the 
signs  ol  Ihe  rpiaiilities  aie  Ihe  same.  Maybe  the  odor  is  an  asset,  in  that  it  drives  down  the  cost  of  rule’s 
dwelling  and  is  not  all  that  iinplatable.  Ilie  same  could  be  said  of  a deaf  ix'rson  living  over  a Ixiwling  allev . 
It  IS  often  misleading  to  use  malhematical  nolalion  without  some  diselainiei  legaiding  the  im|ilied  accuracy 
of  siaiemenls  so  marie. 

Davis  and  Whinslon  (D)b2)  categoii/ed  exieinalities  as  either  economic  oi  noiieconomic  in  iialuie. 
Ihe)  liiriher  divided  economic  (oi  “technological")  externalities  into  “separable"  and  "rionseparable  " 
Most  analysis  of  externality  has  considered  economic  exieinalities.  since  the  niaiginal  costs  of  the  affected 
piorlticis  aie  involved  with  marginal  reliiins.  and  MR  MC  = puce.  Iliis  makes  the  analysis  somewhat  moie 
ailuiclive,  it  only  mathematically.  If  a technological  exleinahiy  is  separable,  then  it  has  no  real  effect  on 
Ihe  allocation  of  resources  unless  such  an  effect  occuis  Ihiorigh  Ihe  forced  closing  of  rums.  If  this  Is  Ihe 
casr',  then  Ihe  firm  closes  because  its  long-run  marginal  cost  is  above  its  long-iun  marginal  relrirn  (price)  due 
to  Ihe  exieinalily ; that  is,  Ihe  exiemalily  is  rionseparable  in  Ihe  long  iiin  (Wellis/,  l%4).  A nonoptimal 
ierhsliibulir)n  ol  lesources  can  be  avoided  either  by  way  of  a unit  lax  on  an  offentler  transferred  to  the 
miiirerl  linn,  it  the  exleinahiy  is  a lunclion  of  Ihe  rillenrler's  output,  oi  a Hal  lax  if  it  is  not  a function  of 
rmlpiil  In  this  wav.  loiig-lerni  ledislribiiiional  effects  can  he  corrected.  It  is  not  clear,  however,  whelhei 
this  lechiikpie  would  lead  to  an  opliiiial  position.  I•ilsl,  the  lax  could  not  be  instituted  fiee  of  cost,  and 
second,  iheie  is  no  guarantee  that  a lax  could  be  geneialcrl  which  would  \ield  a position  closet  to  an 
oiUnir.im  lhan  the  tmiaxed  iMsilion.  Davis  and  Whinsloii  ( l‘>(i2)  point  out  that  lecimological  changes  which 
allcii  a Inin’s  piodiiclion  lunction  wouhl  iiecessilale  recalculation  of  laxes/snbsidies,  whereas  even  an 
inipeileci  iiiaiket  makes  its  ad|uslments  automatically. 

N^ellis/  expressed  conllrlence  that  Ihe  injuied  parly  would  exiiaci  as  damage  less  lhan  Ihe  ivnaliy 
which  wouhl  shut  ihwvn  the  otleiidmg  rum  oi  ftnee  it  to  relocate  loi  exani|'le,  he  said,  “l  aimers  adveisely 
allecled  by  smoke  are  bellei  r>lf  it  they  receive  a sleariy  stream  of  compensalion  fioiii  Ihe  factory  . . .than 
they  .lie  il  the  lacloiy  is  forced  to  move  away’’  (Wellis/,  DIM).  B\  implication,  the  faimei’s  piofil  is 
giealei  w ith  the  exiernahly  and  liansfei  lhan  II  is  without  It.  Clearly  this  dries  not  imply  a sociallv  optimal 
allocation  ol  icsoinces  I'o  tiblaiii  a social  opliiiium  would  lerpiiie  Ihe  fainier’s  oriipiil  to  be  Ihe  same  as 
wiihoiil  exieinalities;  the  offending  firm’s  costs  would  have  to  include  its  effects  on  olheis.  When  the 
external  efiecis  to  tilheis  outweigh  Ihe  rum’s  piollls  (a  rough  measure  of  its  value  to  society ),  the  liim 
would  close  down  or  move  rinis.  a social  opiimrnii  ier|iiiies  dial  Ihe  faimci’s  ouipiil  be  Ihe  same  in  both 
cases.  II  Ihe  rniii  dealing  Ihe  exiemalily  is  foiced  to  shut  down  because  il  is  foiccil  it'  pay  the  faimei’s 
ilamages  via  a lax.  we  would  not  know  if  the  shutdown  is  socially  opiiiiial.  unless  we  know  whelhei  Ihe  lax 
by  ilsell  would  foice  the  closing  allci  damages  aie  paid.  Actually,  a piofil  finiclion  niiglil  bedernied  such 
that 
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p = price 
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Cilvon  that  a rivin  is  shut  ituwu  because  nlqK  0 with  vlt  X).  then  two  situations  may  exist  (a)  II  n(ii)',0 
when  dt  = 0,  then  the  ririn  should  be  sluil  down,  (b)  IT  when  dl  0.  then  tlie  elTecl  of  the  lax  is  lo 

diive  a socially  acceptable  linn  out  of  business  because  of  ihe  adininislialive  cost  (load)  of  the  lax.  I'his 
iniitht  be  the  case  if  the  injuied  firm  sued,  and  the  rrftendei  had  lo  pay  damages  phis  couil  costs  oi  a 
penally.  As  Wellis/  saiil,  “’I  xieinalilies  may  well  be  peitniiied  to  (visisl  if  Ihe  adminisiiative  aclion  absoibs 
more  lesources  than  are  lost  ihioiigh  a deviation  liom  a l*aieio  opiinuim''  (Wellis/.  l‘H>4) 

Huinan  Capital,  f'apiial  is  a slock  of  something  used  m the  piodnciton  of  goods,  smvices,  oi  moie 
capital.  Investment  is  Ihe  net  change  in  lhal  stock  ovei  lime.  A dollai  llgnie  attached  loeiihei  may  ot  may 
not  be  compaiable,  but  the  r|tialilies  of  the  two  aie  always  diffeient.  (‘ai'ilal,  in  ilollai  leims,  desciibes  a 
stale  of  being,  a pile  of  objects  oi  wealth  which  exists  at  a given  insiant  Invesimeni,  on  the  oiliei  hand,  is 
Ihe  laie  of  change  of  that  pile  ovei  lime  As  such,  mvesiment  may  K-  I'osilive,  negative  (enlaigmg  oi 
cuitailing  manufacturing  opeiaiions.  foi  example)  oi  /eio.  while  capital  max  be  |>osiiive  oi  /eio 

C'apilal  pioduces  nothing  by  itself  and  needs  a laboi  input,  if  only  in  ilie  loim  ol  u'^' luciions.  to 
produce  anything.  I'hus.  a stock  of  caj'ilal  plus  a rpiantily  ol  laboi  combines  to  loim  a pioiliu  non  lunclion 
in  a form  such  as 


i|  = ffx.y  ) = Ax‘'y  ' “ 


where  A is  a positive  constant  and  0 < ii  I.  with  x and  > being  laclois  ol  I'loduclion  (i  e , vapiial  and 
laboi)  Ibis,  ihe  f'obb  Douglas  pioduc^ion  lunclion.  is  the  simplei  ol  the  iwoconimiMi  loims  ol  ihe 
production  liinction.  Die  oiliei  loim.  the  consiani  elasticity  ol  siibsliiiiiion  (('I  .S)  fuiiclioii.  is  given  l>y 

r|  = f I dx  "mi  d)y  " {' 

where  (I  = I /ii);  (iM  I );  and  V,  d,  and  ii  aie  constants  (leigiisoii,  l‘>()'))  The  oiiii'iit,  ij,  is  a I unction  ol  Ihe 
two  inputs,  caj'ilal  and  labor,  and  a change  in  one  of  Ihe  iiij’iils  necessaiily  imj'lies  a change  in  j'lodiiclion 

(OUtJ'Ul). 


The  stock  ot  capital  has  usually  been  measured  ur  mouex  terms,  as  a value  j'laced  uj'on  j'loduclive 
erjuipment.  Similarly,  Ihe  labor  input  has  been  measmerl  m money  leims,  ilioiigh  it  may  be  nioie 
inlormative  in  terms  of  lime.  Humans  comi'iise  the  laboi  inj'iii  enliiely,  and  since  the  slock  of  caj'ilal  is 
known,  any  change  in  the  caj'ilal  sli'ck  (investment ) must  be  exj'lained  by  capital  inj'iit.  I olh'vving  this 
reasoning  one  step  lutihei,  any  change  ot  pioduci  due  to  the  labi'i  input,  and  not  exj'lamed  bv  an  incieased 
number  ol  houis  worked,  must  be  due  lo  an  imj'iovemeni  in  Ihe  rjiialiiy  I'l  Ihe  laboi  li'ice  I ike  caj'ilal, 
which  exhibils  imj'iovemeni  m rjiialiiy  called  lechnological  change,  laboi  can  change  rjiialilativelv  as  well  as 
rjiiantilalively.  One  lakes  advantage  of  imj'rovmg  leclmoh'jty  by  investing  (m  caj'ilal);  similaily.  maiiv 
ecr'iiomists  leel  that  r'lie  can  take  advantage  of  j'otential  rjnality  change  in  the  laboi  loice  by  aiii'lliei  iv  jv 
of  inveslment,  investment  m "human  capital." 

llistorv  <>l  Human  Cai>iial.  The  concej't  of  human  caj'ital  ami  the  economic  value  inheient  in  hiim.iiis 
gr'es  back  seveial  centiiiies.  at  least  to  Sii  William  I’etty , who  evalu.ited  laboieis  as  a j'.iil  of  national  wealth 
estimates  (Kiker.  I ')(>(i).  1 le  estimated  the  economic  effects  r'f  wai , migiation  and  rleath 

A need  lor  a ijnantttative  estimation  of  the  value  of  a j'eison  to  his  naiuui,  lo  his  familv.  ami  lo 
himsell  arose  in  Ihe  insiiiance  imhisliy.  Asa  result,  some  effoil  was  exjvmled  lo  j'lace  a real  cairlinal  value 
on  people  as  individuals  Investigation  was  uiuleitaken  lo  deteimiiie  the  woiih  \r|  jvople  thii'ugh 
acci'unling  lechniijiies.  In  185.1,  William  I an  ileviserl  what  Kiker  c.illed  the  I'lisl  iiiilv  scienlilic  j'locediiie 
lor  estimating  Ihe  value  ol  a human.  It  ci'itsisleil  of  calculating  of  piesent  value  of  net  futuie  eaimngs  I'f  an 
itulivirhial.  Ihili'rtunalely,  I an  suggested  taxing  imlividiials  in  Ihe  same  mannei  used  loi  taxing  c.ij'iial  Hus 
implies  deprecialu'ii  ovei  lime,  whereas  human  caj'ilal  typically  incieases  ovei  lime,  in.ikun’  I aiTs  tax  veix 
legiessive. 


I ngel,  in  I88.t.  look  Ihe  ('osilii'n  lhal  Ihe  moneiaiy  value  ol  an  imlivirlual  shoiihl  Iv  his  j'lorhiclii'ii 
cost.  Kiker  represented  his  foi inula  f.'i  human  value  as 

kx I X 1 I ) y 


I ♦ X ♦ 


where  Cx  ■ total  cost  of  prinhicing  an  individual  (excludins  interest,  depreciation,  and  maintenance) 
through  age  x;  co  ^ prenatal  costs;  and  k ° annual  increase  in  cost  (as  a (KMcent  of  the  previous  year).  While 
it  may  not  he  appropriate  to  assume  that  the  cost  of  producing  an  item  is  measiiie  of  the  item’s  value,  the 
formula  may  he  a guide  to  ascertaining  costs  along  the  way.  ('ohn  (l')70)  suggested  changing  the 
dependence  from  Co  to  Ci  (from  the  prenatal  year  to  the  first  year  after  hirth)  and  using  (\  "C|k'  ’ oi 
('v  = CiX^  (K  X <n).  lie  then  used  data  to  test  his  expressions  against  l iigers  foimula  (’olm's  lesults 
im|r(ied  that  the  use  of  C|  in  place  of  co  was  preferable,  but  the  geometric  progiession  was  not  siatislically 
suivrior  to  arithmetic  progression. 

Kiker  re|H>rts  that  in  the  thiities,  Dublin  and  I otka  wished  to  ascertain  the  economic  value  of  a man 
to  his  family.  They  derived  an  equation: 

V=vvxp^(yj:^  Cx) 

x=0 

where  V is  the  value  of  ;ui  individual,  v is  the  present  value  of  $1  after  x years,  I’  is  the  probability  of  living 
to  age  X,  y is  yearly  earnings,  1 is  employment  among  (Vople  of  age  x,  and  c is  the  cost  of  living 
(maintenance)  for  a year  at  age  x.  I'liey  nuKlilied  their  formula  to  find  the  v;ilue  at  a particular  age,  a. 

VsMlVl’.,)  Ivx  .<p^(y^  Cx)  . 
t x=a 

and  used  V„/P,Vj  to  estimate  the  cost  of  pioducing  an  individual  up  to  age  a (Kikei,  l%o). 

Ri'i'i'ni  I'naimcnts.  Schulte  (I'>h0,  l%l)  utilized  the  concept  of  human  capital  to  analyze 
investment  in  education.  The  concept  of  human  capital  and  investment  ap|rears  to  have  been  geneially 
incor|H>ratcd  into  the  structun;  of  economics.  Attributing  much  of  the  growth  of  U.S.  output  to  something 
besides  changes  in  the  capitaUabor  ratio.  Arrow  (l‘>b2)  surmised  that  something  besides  time  should  be 
used  as  an  explanatory  variable.  He  stated  that  trend  projections  "are  not  policy  variables"  (p.  1.^5)  and 
suggested  that  there  was  some  relationsliip  between  production  and  knowledge.  Quoting  1 undbeig's  study 
of  the  Ikrrndal  irrrn  works,  where  productivity  grew  at  2 (H'rcent  iH'r  annum  despite  constant  capital  ovei  a 
period  of  15  years.  Arrow  advanced  the  hyixithesis  that  "technical  change  in  gneial  can  be  ascribed  to 
experience.  The  very  activity  of  production  gives  rise  to  problems  for  which  favorable  responses  are  .selecteil 
over  time"  (p.  15h).  He  created  a mathematical  nxulel  in  which  learning  took  place  as  a by  product  of 
ordinary  production,  and  was  embodied  in  the  capital  goods  used  in  production,  llte  model  ignored 
education  and  research,  a {Hiint  mentioneil  in  his  concluding  remarks. 

Mbcellaneous  Theoretical  Points 

Joint  ProJuctk'n.  If  a finn  produces  two  or  more  outputs,  usually  in  varying  proportions,  with  one 
production  prvKess,  then  the  products  are  called  joint  products.  .An  example  of  such  a process  is  the 
production  of  beef  and  leather.  The  slauglrtering  of  a steer  produces  a certain  amount  of  meat  and  a certain 
amount  of  leather.  The  ratio  of  these  two  products  varies  according  to  the  roundness  of  the  animal,  and 
might  be  changed  somewhat  to  fit  prevailing  prices  by  feeding  or  starving  the  animal.  Iliere  is  no  way  to 
produce  a given  quantity  of  one  product  without  a certain  aiiKnint  of  the  other.  In  terms  of  the  production 
function  in  which  we  are  currently  interested  producing  a military  oiK'ration  while  at  the  same  time 
pioducing  trained  individuals  some  (xitential  oirerational  work  is  foregone  in  the  process  of  providing 
instruction  or  ex|H!rience.  Repetition  of  a task  which  is  only  needed  once,  in  order  to  provide  training  foi 
an  individual,  is  such  a trade  off.  Tlie  practice  could  be  sacrilicetl;  however,  the  firet  task  is  oix'ratimial  and 
therefore  could  not  be  eliminated.  In  this  instance,  training  and  the  accomplishment  of  a ixntion  of  the 
niissioii  are  joint  products  at  the  "Ixire  bones"  level  of  the  pnuluction  function,  neither  would  be  traded  foi 
more  of  the  other  under  iiHist  circunstances.  During  times  of  war,  this  sort  of  tiaining  has  vKcasionally  been 


the  only  type  available.  For  example,  when  experienced  lighter  pilots  were  lost  or  rotated  out  of  combat, 
inexperienced  ones  would  replace  them  in  a “sink  or  swim”  situation.  This  particidar  substitution  is 
expensive,  although  it  reduces  the  cost  of  on-the-job  training  and  increases  the  amount  of  mission  output,  it 
leads  to  a rather  rapid  depreciation  of  human  capital.  (WliUe  this  situation  is  occasionally  required  by 
circumstaiKcs,  it  is  avoided  where  possible.) 

Henderson  and  Quandt's  analysis  (1958)  of  joint  products  seems  to  be  tlie  most  succinct.  Given  an 
input,  X,  and  joint  outputs  Q,  and  Qj . there  is  an  implicit  production  function-  H(q, , qj , x)  = 0,  where 
qi , qi,  and  x are  quantities  of  Qi,  Oj  and  X.  StMving  for  the  input  gives  x = lifq,  ,qj ),  where  the  cost  of 
production  of  the  outputs  is  given  in  tenns  of  X. 

If  X is  fixed,  then  tlien'  is  a "product  transfonnation  curve"  Xo  = IRili,  ilj)  which  gives  alternate 
combinations  of  Qi  and  Qj  wliich  can  be  produced  Irom  Xo.  Tliere  is  a rate  at  wliich  foregone  Qi  can  bo 
transformed  into  additonal  Q2;  it  is  the  negative  of  the  slope  of  the  transformation  curve,  or  -dqi/dqi. 
Taking  the  total  differential  of  the  explicit  production  function,  X = h(q  1 , qj ),  gives  dx  = h,  +hj  dq2 . Since 
X is  unchanged  along  any  one  transformation  curve  (input  is  fixed  at  some  value  of  x),  dx  = 0. 

hidqi  + h2dq2  = 0 
h|dq,  = -h2dq2 
h|/h2  = -dq2/dqi 

Thus,  the  rate  of  product  transformation  is  equal  to  the  ratio  of  the  marginal  cost  of  q,  to  the 
marginal  cost  of  q2  (both  in  tenns  x)  at  that  point. 

Optimi/ation  behavior  implies  that  one  minimi/.es  the  input  to  achieve  a desired  revenue  from  tlie 
two  outputs.  In  most  operational  settings  this  implies  that: 

1 . The  “revenue”  desired  is  the  sum  of  the  two  outputs; 

2.  the  ratio  of  the  two  outputs  yields  the  rate  of  product  transformation,  which  is  itself  a negative 
inverse  of  the  price  ratio; 

3.  the  optimization  occurs  when  the  transfonnation  curve  (and  the  input  x)  is  tangent  to  the 
isorevenue  (fixed  revenue)  line; 

4.  this  gives  minimum  X with  the  desired  ratio  of  the  two  outputs. 

In  an  o|)crational  sense,  strictly  mathematical  analysis  rests  on  assumptions  about  the  total  input  (x) 
available,  minima  in  either  or  botlt  of  the  outputs,  or,  when  there  is  no  certain  way  to  determine  demands 
for  tlie  products,  marginal  revenue  figures  which  must  come  from  management.  Tliis  is  often  the  case  with 
bureaucratic  and  govenmiental  functions  which  do  not  deal  with  physical  products.  Tliis  means  that 
management  must  make  some  assumptions,  and  management  is  almost  certain  to  make  more  useful 
assumptions  when  it  understands  their  importance.  Intuition  alone  is  insufficient  in  a complex  society. 

Time.  Time  is  a nonrenewable  resource  which  is  often  misunderstixid,  misused,  or  wasted.  It  will  be 
considered  at  it  relates  to  interest  rates  and  to  its  use  in  queuing. 

An  interest  rate  is  an  important  variable  in  any  economic  calculation.  It  is  a derivative-the  rate  of 
change  of  principle  with  respect  to  time.  Since  an  interest  rate  is  a derivative,  it  really  is  not  a contmllable 
entity,  and  is  more  of  a parameter  which  is  given  by  a situation.  Tliat  an  interest  rate  exists  implies  that  an 
item  available  at  different  times  is  a different  item,  and  that  its  value  is  different  also.  This  leads  to  the  idea 
of  present  value.  Tire  only  way  to  compare  items  of  known  cost  .it  different  times  is  to  adjust  the  costs  to  a 
comparable  time  period. 

Adjusting  to  the  present  (leriod  is  a cHimmon  technique  and  is  often  refeited  to  as  discounting, 
because  the  items  are  usually  in  the  future,  and  their  values  must  be  discounted  due  to  their  unavailability. 
The  present  value  of  a future  amount.  A,  is: 

P = A / ( I + r/q)"')  or  P = A x ( I + r/q)  "'I 
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With  L'ontinuodii  discoiinling  (i.c.,  q = “°)  llie  fonnula  becomes; 


P = Ae"  where  I = the  number  of  years. 

The  op|H)rtunily  costs  associated  with  lire  use  of  time  for  a given  activity  determine  its  value  to  an 
individual.  One  of  the  largest  items  involved  in  the  cost  of  schooling  or  training  is  the  time  of  the  students 
and  what  their  time  is  worth  in  alternative  uses.  For  an  organization  which  pays  students  to  go  to  scluxil  at 
the  same  rate  at  which  they  are  paid  to  work,  the  opportunity  cost  is  the  value  of  the  output  of  the 
unschooled  persirn  for  the  length  of  time  he  is  in  school.  Wolf  (P>73)  suggested  that  time  six'nt  learning 
may  not  be  totally  unproductive  in  an  economic  sense.  On-the-job  experience  could  turn  a 40-lui«r  week 
into  30  hours  worth  of  physical  product  and  the  equivalent  of  2.*'  hours  of  instruction,  essentially  a 55-hour 
week  for  tire  price  of  a 40-hour  week.  Tlris  he  called  “double  duty  time”  througir  joint  production.  Woll 
remarked  that  it  is  efficient  for  several  reasons,  inlcuding  the  enhancement  of  earnings  of  students  in 
apprenticesliip  programs  rather  than  schools,  and  the  market-affecting  fact  that  scales  of  remuneration  to 
apprentices  may  be  good  guides  to  their  later  (Journeyman)  remuneration;  hence  the  price  signals  work 
more  immediately  than  signals  several  years  removed.  In  addition,  the  economic  value  of  the  30  hours  of 
productive  work  done  implies  tliat  in  every  four  years,  three  years  of  production  is  done,  and  one  year  is 


lost  to  training.  However,  at  the  25-hour  rate  mentioned  previously,  it  takes  only  1,6  years  to  yield  a year 
of  training,  and  four  years  give  2.5  years  of  full-time  training.  If  the  apprentice  who  beconic's  a journeyman 
on  the  job  does  as  gimd  a job  as  the  person  who  attends  a vocational  schixrl,  then  a breakeven  ixiint 
between  apprenticeship  and  technical  school  would  be  given  by  T*  (1  - R)  — Tj  = 0,  where  Tj  is  the 
number  of  time  units  as  an  apprentice,  R is  the  value  of  an  apprentice  relative  to  Ural  of  a journeyman,  and 
Tj  Is  the  number  of  time  units  required  to  train  a journeyman  at  a vocational  training  school.  If  the 
quantity  on  lire  left  side  of  the  equation  is  negative,  then  an  apprenticeship  program  is  economically 
superior;  if  it  is  [Xisitive,  then  a full-time  vocational  trainiirg  program  is  superior.  Of  course,  this  sinrplistic 
fonrrulation  is  trrarginal,  ignoring  frxed  costs  involved  in  a school,  and  entirely  igiroring  irrstructor  costs. 

Queuing  results  when  an  iterrr  is  priced  below  its  coirrpctitive  equrlibrimtr.  Since  demand  at  that  price 
would  more  than  just  clear  the  market,  a line  foritrs  and  lime  spent  waiting  becoirres  a substitirte  for  a price 
increase.  Queuing  raises  the  real  price  of  goods  while  leaving  the  nominal  price  unchanged.  Lines  at  gas 
stations  curing  a price  freeze  are  a recent  example  of  such  a situation.  In  a military  technical  scluxd,  if  a 
number  of  students  are  idle  while  awaiting  the  start  of  new  classes,  then  queuing  Ls  increasing  the  real  price 
(cost)  of  training.  Queuing  must  therefore  be  considered  in  analyses  of  this  lyjx;  of  situation. 


IV.  ANNOTATI'U  BlBUlKiRAI’IIY 

Some  of  the  items  were  referenced  in  the  text  of  this  report. 

Allison,  S.L.  A eomputer  model  for  estimating  resources  and  costs  of  an  Air  Force  resident  technical 
training  course.  Rand-WN  7044-PR.  October,  1970.  A working  paper  for  research  in  pnrgress,  this 
report  discussed  the  creation  and  content  of  a computer  model  for  use  in  analyzing  the  costs  incurred 
in  Air  Force  technical  training  courses.  It  included  a general  description  of  technical  training,  the 
provision  of  training  in  a field  of  endeavor,  and  the  Air  Force  breakdown  between  resident  training 
and  field  training,  of  which  the  ratio  was  about  two  to  one.  Hie  model  did  not  attempt  to  address  the 
subject  of  resource  use  in  on-the-job  training. 

Altman.  S.H..  & Fechter,  A.E.  The  supply  of  military  irersonnel  in  the  absence  of  a draft.  American 
Economic  Review,  May  1967,  57.  Altman  summarized  the  method  utied  to  estimate  the  costs  of 
changing  from  a draft  policy  to  a volunteer  force.  The  costs  considered  were  purely  budgetary, 
without  consideration  of  the  total  social  costs  incurred  in  such  a change.  He  provided  a framework 
for  considering  the  costs  of  personnel  actions  by  the  Department  of  Defense,  excluding  extermil 
effects  iqxin  swiety. 
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Apple,  M.W.  The  adequacy  of  systems  management  proceduivs  in  education.  Journal  of  Education 
Research,  September  1972,  66(1).  The  utility  of  systems  management  procedures  in  education  was 
discussed  largely  on  philosi>phical  grounds.  The  article  was  a reply  to  Popliam  and  others  who  stress 
measurable  course  objectives. 

Arrow,  K J.  The  economic  implications  of  learning  by  doing.  Review  of  Economic  Studies,  June  1962.  Sec 
text. 

Anigian,  S.  On-the-job  training  costs:  An  analysis.  Research  Meinoranduin  WRM  67-.S2,  AU-656  SKI. 
Washington,  D.C.:  Persotmel  Research  Laboratory,  Naval  Personnel  Program  Support  Activity,  June 
1967.  See  text. 

Batchelder,  C'.A.,  Boren,  H.E.,  Jr.,  Campbell,  H.G.,  DelRossi,  J.A.,  & Large,  J.P.  An  introduction  to 
equipment  cost  estimating.  Rand  RM-6I03-SA.  December  1969.  Tliis  memorandum  pa'sented  a 
complete  description  of  equipment  cost  estimation  by  statistical  methods,  including  sections  dealing 
with  data  collection  and  adjustment,  statistical  methods  in  developing  cost  estimating  relationships 
(CERs),  the  use  of  CERs,  and  the  learning  curve  phenomenon  and  its  applications. 

Becker.  G.S.  Human  capital,  a theoretical  and  empirical  analysis,  with  special  reference  to  education. 
National  Bureau  of  Economic  Research,  New  York,  1964.  See  text. 

Becker,  G.S.  Investment  in  human  capital;  A theoretical  analysis.  Journal  of  Political  Economics,  Vol  70, 
Part  2 (Suppl.),  reprinted  in  UNESCO,  Readings  in  the  Economics  of  Education,  lliis  material 
appeared  later  in  Human  Capital  (see  above).  Tire  derivation  of  the  equations  for  coirsidering 
investment  in  specilic  and  general  on-the-job  training  is  covered. 

Beltramo,  M.N.  Considering  the  cost  of  DoD  personnel:  A krok  at  some  issues  leciitiring  funher  analysis. 
Rand  P-S166.  January  1974.  Tire  autlior  examined  the  relative  costs  of  civilian  and  military  personnel 
to  tire  Department  of  Defense  with  emphasis  on  the  (xissible  budgetary  effects  of  substituting 
civilians  for  military  (rersonrtel.  He  suggested  that  tire  incremental  cost  of  a person  in  each  s|H'ci;dty 
be  detenrrined  so  that  the  transfonriation  from  military  to  civilian  can  be  made  “at  the  margin.” 

Benson,  C.  Teaching  methods  and  their  costs.  International  Social  Sck'nces  Journal,  1962,  14.  676  6K4, 
Benson  discussed  public  education  in  the  (Inited  States  and  how  to  approach  its  costs  analytically.  No 
conclusions  were  reached,  as  it  was  a survey  article. 

Bishop,  R.L  Game-theoretic  analyses  of  bargaining.  Quarterly  Journal  of  Economics,  November  196.1, 
77(4).  A relatively  nontechnical  exposition  and  critique  of  the  bargaining  theories  applicable  to 
several  economic  problems,  this  article  contrasted  variou.>  bargaining  theories,  assuming  fixed  threat 
and  variable  threat  contexts. 

Blaug,  M.  Approaches  to  educational  planning.  Economic  Joiiriuil.  Juik'  1967,  77(.106).  A comparison  of 
three  education  planning  approaches,  suggesting  that  the  three  are  complementary  rather  than 
competitive.  Tire  three  approaches  were  planning  for  ‘‘siKial’'  demands,  rate  of  return  to  investnreni 
in  human  capital,  and  nian|x>wer  forecasts. 

Blaug,  M.  The  rale  of  return  on  investment  in  education  in  Great  Britain.  Manchester  School.  1965,  .l.H.l). 
Blaug  contrasted  the  private  rate  of  return  to  investment  in  education  and  the  social  rate  thereof. 

Borcherding,  T.E.  A neglected  social  cost  of  a voluntary  military.  American  Econunric  Review.  Mtueh  1971, 
61(1).  Tire  Department  of  Defense,  as  a monopsonistic  buyer  of  volunteers’  .services,  may  create  as 
much  of  a market  disruption  as  it  would  in  the  ca.se  of  a draft. 

Borus.  M.E.  Cost  benefit  analysis  of  effectiveness  of  retraining  the  unenrploved.  Yale  Economic  E.ssavs,  Fall 
1964,  4(2).  Tire  elTcctiveness  of  a mamxrwer  retraining  program  in  t'onnecticut  was  exanrincxl  from 
the  (xririt  of  view  of  return  to  investment.  The  conclusion  drawn  was  that  the  program  paid  for  itself 
in  terms  of  post-pnrgranr  enrploynwnt  experiences  of  graduates  when  comixired  with  non-graduates, 
plus  the  additional  benefit  to  srKiety  not  included  in  the  calculations  of  benefits  to  individuals. 
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Bowles,  S.  The  efficient  aHocatiun  of  resources  in  education.  Quarterly  Journal  of  Economics,  May  1967, 
81(2).  Bowles  described  a iiKrdel  of  an  economy  addressed  to  four  questions:  amount  of  investment; 
distribution  of  the  inveshnent;  tecitnulofsies  to  be  used;  and  quantity /quality  of  imported  labor,  llie 
model  was  desi((ned  for  use  in  tlie  realm  of  develo^aitent/itrowtli  economics  at  tlie  macroeconomic 
level.  There  was  some  discussion  of  the  application  of  the  model  to  Northern  Nigeria.  I'nlike  Blaug's 
approach  (1967),  Bi>wles*  model  treated  all  education  at  a given  level  as  interchangeable  between 
fields. 

Brewer,  G.D.  An  analyst's  view  uf  the  uses  and  abuses  of  modeling  fur  decisionmaking.  Rand  P-S.J95. 
January  197S.  An  analysis  of  users  vs  builders  of  models.  Brewer  cited  tlie  lack  of 
communication/empathy  each  for  the  otlier  and  the  lack  of  documentation  and  flexibility,  wiiich 
results  in  disuse  or  misuse  of  exjiensive  MSGs  (models,  simulations,  games). 

Bridge,  R.G.  Nonresponse  bias  in  mail  surveys'.  The  case  uf  the  Department  uf  Defense  post-service  survey. 
Rand  R-ISOt-ARPA.  July  1974.  Bridge  examined  die  bias  wliich  existed  in  die  data  accumulated 
from  the  DoD  {xist-servlce  survey,  which  had  been  conducted  since  1%8.  lie  looked  at  die  subgroups 
who  failed  to  resp^md,  analy/ed  their  characteristics,  and  proixised  s<.mie  remedies,  primary  among 
which  was  weighting.  Tliere  is  a good  discussion  of  the  reasons  for  non-response  and  the  paper 
suggested  diat  potential  survey  users  should  approach  mail  surveys  with  caution. 

Brown,  L.  Methodological  approaches  to  cost -benefit  analysis  in  automated  nuiiugenieiit  information 
system.  AD- 772  396.  Army  War  College.  Carlisle  Barracks,  8 February  1971.  Bmwn's  premise  was 
that  the  great  expense  incurred  by  the  Department  of  Defense  in  creating  automated  management 
information  systems  can  and  shoidd  be  avoided  by  better  planning  and  forecasting  at  die  very  early 
stages  uf  system  design  and  procureiiKnt.  Cost-benotit  analysis  could  be  used  to  collect  and  present 
qualitative  as  well  as  quantitative  factors  for  purposes  of  aiding  decision  making  and  facilitating  the 
rejection  or  alteration  of  projects  at  a very  early,  and  therefore  relatively  iiiexficnsive,  stage  of  the 
development  process. 

Carpenter,  M.B.  Analysis  of  educational  programs.  Rand  P-4576.  March  1971.  The  use  of 
planning-programming-budgeting  systems  to  analyze  education  programs  is  described.  PPBS  is  a 
current  technique  fur  avoiding  the  difficulties  of  cost-benefit  analysis.  Tlie  problem  of  assessing  the 
effectiveness  of  educadon  systems  and  programs  is  a thorny  one  for  wliich  solutions  are  needed,  but 
not  forthcoming.  There  does  not  seem  to  be  any  prospect  for  using  PPB.S  to  improve  the  situation 
because  the  basic  problem  assessing  effectiveness -is  not  solved.  However,  PPBS  may  be  a useful 
formatdiig  device  for  placing  things  in  perspective  for  analysis. 

Carpenter,  M.B.  Maintaining  efficient  training  programs  for  Air  Force  specialities.  Rand  R-427-PR. 
September  1970.  See  text. 

Carpenter.  M.B.  Program  budgeting  as  a way  to  focus  on  objectives  in  education.  Rand  P4I62.  September 
1969.  A precursor  of  PPBS,  program  budgeting  provided  a logical  framewixk  within  wliich  studies 
could  be  done.  Carpenter  discussed  the  use  of  program  budgeting  as  a tixil  for  the  analysis  of 
educational  programs.  When  resource  allocation  was  done,  there  was  a need  for  comparing 
alternatives,  and  PPBS  and  pnigram  budgeting  merely  pnividcd  a way  of  focusing  on  costs  in  a 
different  manner.  This  paper  suggested  that  when  each  objective  is  not  being  met,  tlien  investments 
have  to  be  made  across  the  board,  rather  than  concentrated  on  fewer  than  all  objectives.  This  assumed 
that  the  solution  to  the  problem  was  the  same  when  the  investment  was  incR'iuental  as  it  would  be  if 
the  investment  were  made  from  scratch. 

CarpenleT.  M B.,  A Haggart,  S.A.  Analysis  of  educational  programs  within  a program  budgeting  system. 
Rand  P-4195.  September  1969.  In  this  exposition  of  the  program  budgeting  technique,  a most 
important  element  of  the  use  of  exist -effectiveness  in  decision  making  was  brought  out;  cost  may  not 
be  minimized  at  the  same  time  that  effectiveness  is  maximized.  Tlie  tiaper  explained  the  steps  in 
analysis  from  the  definition  of  program  objectives  to  the  measurement  of  effectiveness  and  then 
provided  a case  study  using  fixed  cost  (variable  effectiveness).  The  case  study  was  a most  elTective 
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tot>l  for  exposition  and  prvivided  a better  description  of  the  analytical  technique  tlian  a straight 
description  without  example. 

Conatuil,  D.L.  From  MIS  to  MBC;  An  investigation  into  why  one  corporation  eliminated  its 
computer-based  management  information  systems.  AD-770  574.  AFIT  M.S.  Thesis,  October  1973. 
The  experiences  of  the  Aerojet  (Jeneral  CoriHiration  which  led  to  the  abandonment  of  its  automated 
management  information  system. 

Cooper,  R.V.L.  Defense  manpower  issues:  Testimony  before  the  Defense  Manpower  Commission.  Rand 
P-S364.  January  1975.  Cooper  commented  on  tire  status  of  the  All  Volunteer  I'oae  and  reported 
that  the  Air  Force  is  doing  very  well. 

Correa,  H.  The  economics  of  human  resources.  Amsterdam:  Noith-HoDand,  1967.  This  work  was  one  of  the 
very  early  attempts  to  det'me  a theoretical  background  with  wliich  to  consider  the  effects  of  factors, 
such  as  health  and  migration,  which  alTcct  hiunan  beings  as  members  of  an  economy.  Tire  emphasis 
was  on  these  factors  operating  in  a developing  country,  and  the  book  is  part  of  the  literatim'  of 
economic  development. 

Cox,  J.A.  Application  of  a method  of  evaluating  training.  Journal  of  Applied  i^sychology,  1964, 48(2).  Tlie 
results  of  applying  a formula  for  the  evaluation  of  training  to  specific  data  gatliemd  from  the  Anny 
are  reported.  The  formula  for  tliis  comparison  was  g = n2^(Px  - Pc)R  - n(Cx  - C^)  where  g = dollar 
gain  of  one  training  program  over  another;  n = number  of  persons  studied;  = proportion  of 
students  in  group  x reaching  criterion;  R = the  value  of  a trained  man;  and  Cx  = the  cost  of  Uaining 
program  x. 

Enns,  J.H.  The  effect  of  the  variable  reenlistmeni  bonus  on  leenlistment  rates:  Empirical  results  for  FY 
1971.  Rand  R-1502-ARPA.  June  1975.  Enns  discussed  a new  model  of  the  reenlistmont  rale  (second 
tenn  pay,  personal  attributes,  civilian  earnings  attributable  to  military  exjierience).  with  second  term 
pay  disaggregated  into  bonus,  proficiency  pay,  and  regular  military  pay.  Tlie  results  of  the  empirical 
work  were:  (1)  variable  reenlistment  bonus  (VRB)  has  a very  significant  influence  on  reenlisiment 
rates;  (2)  VRB  is  most  ciTective  when  paid  in  a lump  sum;  (3)  there  were  no  differences  in  tlie  effect 
of  VRB  between  the  military  services;  and  (4)  Air  Forec  and  Army  show  tliat  in  cases  in  whicli  the 
enlistee  has  a higli  level  of  education,  there  is  less  VRB  effect. 

Fields,  D.S.  Cost/effectiveness  analysis:  Its  tasks  and  their  intenelation.  Operations  Research,  Maydiine 
1966,  14(3).  A general  description  of  cost/effectiveness  analysis,  using  as  an  example  the  analysis  of  a 
communications  system  in  the  context  of  possible  nuclear  war. 

Fields,  G.S.,  & Hosek,  JJl.  Human  investment  decisions,  labor  market  choice,  and  unemployment.  Rand 
P-5144.  November  1973.  Tlie  authors  described  a imxlel  of  human  investment  in  wluch  the  pure 
analysis  of  Becker  and  others  was  subjected  to  real  constraints  sucli  as  choice  of  geographic  labor 
market,  marketable  skills,  and  job  search  strategy.  The  prime  cause  for  this  refinement  is  the  presence 
of  the  possibility  of  degrees  of  unemployment,  which  varies  according  to  the  factors  mentioned. 

Fioiello,  M.R.  Getting  “real”  data  for  life  cycle  cost.  Rand  P-5345.  January  1975.  lYoblems  with  life  cycle 
costing  data  include:  (1)  many  data  system  products  from  different  data  bases;  (2)  different 
nomenclatures  acmss  data  bases;  (3)  data  quality  and  completeness;  and  (4)  only  70  {x'reent  of 
ownership  costs  are  known  explicitly.  Some  impmvements  were  suggested 

Fisher,  G.H.  Cost  considerations  in  systems  analysis.  Rand  R-49(J-ASD.  December  1970.  Tliis  is  a report  on 
the  cost  aspects  of  systems  analysis,  in  which  Fisher  intentionally  did  not  treat  the  other  side  of  the 
systems  analysis  coin -effectiveness.  Included  are  chapters  on  systems  analysis  in  general,  economic 
issues,  military  costs  analysis,  inputs  to  the  equation,  cost  estimating  relationsliips,  cost  models,  and 
special  topics,  including  uncertainty  and  time.  Tlircc  examples  of  systems  analyses  cvmclude  the 
report . 
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Fisher,  G.H.  What  is  resource  analysis?  Rand  P470S.  September  1971.  Resource  analysis  is  cost/benefit 
analysis  with  one  measure  of  costs  or  benefits:  economic  resources.  The  difference  between  other 
analyses  and  this  is  the  emphasis  on  collecting  all  economic  cost  rather  than  in  collecting  only 
budgetary  costs.  In  this  sense,  the  analysis  might  be  thought  to  parellel  cost/benefit  and  economic 
analysis  quite  well. 

Fisher,  G.H.,  and  the  staff  of  the  Rand  Cost  Analysis  Department.  Costing  methods.  In  E.S.  Quade  (Ed.), 
Analysis  for  military  decisions.  Rand  R-387-PR,  November  1964.  Military  cost  analysis,  from  the 
weapon  system  level  to  the  force  structure  level.  Cost  sensitivity  analysis  and  analytical  results  are 
presented  in  a manner  which  facilitates  understanding  of  military  cost  analysis. 

Gay,  R.M.  Estinuting  the  cost  of  on-the-job  training  in  military  occupations:  A methodology  and  pilot 
study.  Rand  R-I35I-ARPA.  April  1,  1974.  Gay  (1974)  defined  OJT  and  pointed  out  that  the  rising 
cost  of  personnel  had  increased  the  emphasis  placed  on  the  cost  of  OJT  and  had  affected  all  other 
manpower  decisions.  Among  those  decisions  he  included  (1)  the  capital-labor  ratio;  (2)  the 
composition  of  the  force,  i.e.  the  balance  between  experienced  and  inexperienced  personnel; (3)  the 
training  strategy  (resident  schools  vs  OJT);  and  (4)  the  assignment  of  personnel  to  career  fields.  Gay 
attempted  to  develop  a methodology  for  the  cost  analysis  of  OJT.  As  bases  for  his  approach,  he 
reviewed  previous  military  and  civilian  studies  in  the  field  and  conducted  a pilot  study  consisting  of  a 
survey  of  36  men  in  a 7(X)-man  squadron,  lie  discussed  the  statistical  relationships  among  the 
independent  variables  in  a wide-ranging  manner  and  regressed  demographic  variables  on  cost.  The 
ultimate  value  of  the  study  lay  in  its  pioneering  effort. 

Gay,  R.M.,  & Nelson,  G.R.  Cost  and  efficiency  in  military  specialty  training.  Rand  P-SI60.  January  1974. 
An  attempt  to  formulate  a procedure  for  estimating  the  cost  of  on-the-job  training,  based  on  a survey 
done  in  one  Air  Force  specialty.  The  usual  framework  for  valuing  investment  was  used,  with  training 
cost  and  the  ultimate  value  of  the  trained  individual  as  the  measures  of  costs  and  revenues.  There 
were  some  problems  with  the  formulation,  however.  First,  the  authors  stated  that  a firm  will  invest  if 
the  resulting  income  stream  (discounted)  is  greater  than  the  discounted  investment.  That  is  not 
altogether  true,  because  organizations  seek  to  maximize  profits,  ratlier  than  merely  seeking  to  obtain 
a positive  profit.  As  applied  to  the  cost  of  OJT,  this  means  not  only  that  training  must  break  even  or 
pay  off,  but  also  that  it  must  be  better  than  the  altematives-no  training  and  other  means  of  training. 
Second,  the  authors’  evaluation  of  the  military  training  situation  as  it  actually  exists  may  be  wrong. 
They  stated  that  Air  Force  costs  are  most  easily  regarded  as  being  comprised  of  direct  outlays, 
pay/allowances  of  trainees,  and  the  cost  of  OJT  (wage— productivity).  Their  formula  is: 

Cost  = D + P + (P  - 0), 

where  D = direct  outlays,  P = pay/allowances,  and  0 = output  (productivity).  The  fonnula  reduces  to: 

Cost  = 2P  + D - 0, 

which  counts  pay  twice.  A more  accurate  formulation  miglit  be: 

Cost  = D P — 0, 

but  this  still  mixes  the  cost  and  return  sides  of  the  “profit”  picture.  The  error  is  in  the  assumption 
that  the  trainee  will  have  a substantial  negative  effect  on  the  productivity  of  the  organization.  (His 
wage  may  affect  the  total  picture,  but  that  is  not  the  issue).  It  is  more  likely  that  the  trainee  will  have 
a zero  impact  until  he  starts  being  productive,  since  it  is  unlikely  that  a supervisor  with  a mission 
which  is  paramount  would  take  time  to  train  a person  until  after  that  mission  has  been  accomplished. 
The  authors  did  obtain  some  useful  information  with  a survey  done  in  a pilot  study.  The  information 
was  in  the  form  of  military  supervisors’  subjective  opinions  as  to  the  amount  of  time  a person  is  on 
the  job  before  his  output  equals  his  pay,  and  the  amount  of  time  between  his  arriving  on  station  until 
his  productivity  equals  the  productivity  lost  by  those  who  instruct  him.  It  might  be  said  that  a survey 
respondent  would  answer  this  question  with  an  answer  to  the  real  question,  “When  does  a person 
begin  to  be  more  productive  than  the  loss  of  productivity  of  those  instructing  him?”  That 
information  is  useful  to  those  using  a sliglitly  different  strategy,  assuming  a linear  function  describing 
the  output  of  the  person  over  and  above  the  output  which  would  occur  were  he  not  assigned  to  the 
unit.  It  seems  rational  to  assume  that  the  person  starts  with  a value  of  z.ero.  finishes  his  training  with  a 
value  equal  to  his  pay  and  aUowances,  and  reaches  that  point  in  a linear  fashion. 
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GillinAy,  V.  How  shall  w«r  employ  the  technically  trained?  Rand  P4S74.  February  1971.  Tliis  paper  covcis 
only  those  trained  at  the  college  level. 

Goetz,  C.J.,  & Buchanan,  J.  External  diseconomies  in  competitive  supply.  American  Economic  Review, 
December  1971,61(5).  Treatments  of  the  nonoptiimlity  of  competition  with  external  diseconomies 
are  seen  as  incsunplete,  igitoring  pr\>duction  elTiciency  while  focusing  solely  on  exchange  inefficiency. 
The  authors  insisted  that  policy  prescriptions  are  hofvriess  in  such  circumstances:  “When  the  precise 
way  in  which  externalities  enter  the  competitive  process  is  clarified,  the  deficiencies  in  lire  standard 
corrective  prescriptions  such  as  Pigovian  tax  schemes  beexmte  evident." 

Greenberg,  D.H.  EmployeR  and  manpower  (raining  programs,  data  cxillection  and  analysis.  Rand 
RM-5740-OEO.  October  1%8.  Four  maniHrwer  training  programs  in  the  l.os  Angeles  area  ate 
described  and  compared.  As  a prime  goal  of  his  research,  Greenberg  explored  the  relative  merit  of  the 
emnpany  approach  to  followup  of  program  graduates.  One  of  tire  programs  concerned  was  OJT. 
Greenberg  found  that  the  return  to  the  graduates  was  greater,  at  least  in  terms  of  wages  received,  for 
graduates  of  OJT  programs  tliair  for  graduates  of  the  other  programs,  w'liich  were  normal  vocational 
training  programs. 

Haggart,  S.A.  Program  cost  analysis  in  education  planning.  Rand  P4744.  December  1971 . Ilaggart  discus.sed 
the  crmccpt  of  cost  analysis  in  education  and  develojH'd  a tniHlel  for  conrparing  the  cost  effects  of 
alternative  pmgrams.  There  was  sirecial  emphasis  on  the  common  use  of  numbers  from  cost  studies 
with  the  reminder  that  owst  studies  produced  results  which  were  not  strictly  amiparable.  though 
each  may  be  accurate.  Tire  model  assumed  that  existing  facilities  were  sunk  costs  for  each  alternative, 
and  that  coiiittkin  factors  had  common  prices,  so  that  system  costs  may  be  comjxired. 

Hagj^tronr.  G.W.  The  foundations  of  probability  and  mathematical  statistics.  Rand  P-.S.^94.  March  1974. 
Taken  fnrm  the  notes  of  a lecturer  in  a Rand  Graduate  Institute  course,  this  paper  covered 
probability  imxlels,  random  variables,  exjvctation  and  variance,  joint  distributions,  conditioning, 
correlation,  samfriing  theory,  and  parameter  estimation. 

Haggstrom.  G.M.  The  pitfalls  of  manpower  experinrentation.  Rand  P-5449.  April  1975.  An  illustration  of 
how  to  conduct  small-scale  pre-initiation  field  tests  of  new  programs  in  the  manpower  area,  lire  paper 
dealt  with  DoD  tests  of  the  effects  of  changes  in  enlistment  [viiods  on  recruitment  statistics,  and  gave 
examples  of  how  to  get  reliable  results. 

Hansen,  W.L.,  & Weisbtud,  B.A.  Economics  of  the  military  draft.  Quarterly  Jotiraal  of  Economics,  .Augu.st 
1967,  81(.)).  Tire  effects  of  the  U.S.  draft  on  resource  allrKation  and  distribution- the  gross  national 
product -are  discus.sed,  including  the  implicit  inemne  tax  on  servicemen,  which  is  the  result  of  beiirg 
lorced  to  work  for  less  llran  the  market  wage  rate,  and  the  Krss  of  re;il  output  wlrich  results  from 
non-market  resirurce  allocation.  Wliile  no  judgnrents  are  made,  it  is  rroted  that  such  factors  must 
receive  explicit  consideration  when  ctrnscriplion  is  under  con.sideraliott, 

Heuston,  M.r..  & Ogawa,  G.  Observations  on  the  theoretical  basis  of  cost-effectiveness.  Operations 
Research.  March/ April  1966.  14(2).  A general  dLscuission  of  cosi/effectiveness  analysis,  in  which  the 
authors  note  that  there  are  several  evnunon  elements  irr  almost  till  analyses,  arnorrg  them:  I’niblem 
definition,  developmerrt  of  appropriate  arrays,  defiitition  of  alternatives,  development  of  a cost 
tnodel,  developntent  of  an  elTcctivenss  model,  and  final  sysnthesis. 

Hirsch.  A.,  & SegelhoRt,  E.W.  Incremental  income  benefits  of  public  education.  Review  of  Economics  and 
Statistics,  November  1965,  47(4).  Using  tlte  technique  of  discounting  (he  flow  of  exjvnditures  and 
returns,  Hirsch  and  Scgelhorst  exantined  the  effects  of  schooling  on  future  income.  Tltis  differs  from 
the  tcclutique  of  calculating  the  intcnial  rate  of  return  to  investments  in  human  capital. 

Hoehn,  W.E.  Economic  analysis  in  governmental  decisionmaking.  Rand  P4222.  October  1969.  Tltis  paper, 
in  which  Iktehn  discussed  the  varknis  components  of  ecttnomic  analysis,  was  presented  at  a l^oo 
sympttsium  on  financial  management.  Among  tlte  coittixments  were  the  use  of  iitterest  rates,  the 
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deurniination  of  econuniic  lifetime,  the  identincatioii  of  alternatives,  the  asssessinent  of 
nonqualifiahle  factors,  the  handling  of  risk  and  uncertainty,  and  the  identirication  of  important 
(Parameters.  Tlie  use  of  ecoinmiic  analysis  lui  ('ro(HPsed  dams  on  the  Colorado  Kiver  was  coveted.  He 
concluded  that  better  analyses  can  improve  the  com|petence  of  decision  making  but  cannot  relieve  the 
burden  of  making  a choice  anuxig  alternatives. 

Hoenack,  S.A.  The  efficient  allucaliun  of  subsidies  to  college  students.  American  Economic  Review.  June 
1971, 61(3).  Tlie  subject  is  tlie  structure  of  tuition  charges  that  wilt  result  in  the  pto|>et  enmllment 
and  representation  of  students  farm  various  inamie  ga>u(PS,  while  holding  outside  subsidy  at  the 
('resent  rate.  Hoenack  used  the  University  of  California  for  data,  and  found  that  since  all  students 
('aid  less  tlian  the  cost  of  their  education,  adjusting  the  amount  of  im()licit  subsidy  will  give  all  the 
adjustment  range  necessary  and  an  explicit  tax  is  imt  necessary. 

Jones,  C.R.  A model  of  a systems  analysis  study.  Report  No.  NPS55JS907IA,  A1)'69S  427.  US  Naval  Post 
iraduafe  school,  July  1969.  Tlus  te(HPrt  described  the  geometry  of  cost-henetil  decision  making. 


Kahn,  H.,  A Mann.  I.  Technk|ues  of  systems  analysis.  Rand  RM-1829-l.PR.  June  1957.  Tins  is  part  one  of 
three  parts  of  a pto(>osed  bix'k  on  military  planning  under  uncertainty.  Various  techniques  of  systems 
analysis  are  discussed.  I'art  three  is  called  "Ten  Common  Pitfalls"  and  is  noted  below.  Tire  autlrors 
drew  on  tire  collected  works  of  several  Rand  lecturers  on  system  analysis.  Tire  paevr  was  aimed  at  the 
military  analyst  in  many  res(pects,  with  sections  on  design  of  the  defense,  design  of  tlie  olYensc,  and 
tlie  two-sided  w’ar.  However,  the  concluding  sectiv'ii  tilled  "Evaluation  and  Criticism"  contained  many 
observations  on  analy  sis  which  have  survived  very  well  the  two  decades  since  publication.  An  exam(Ple 
is  that  "Due  can  le(9timately  recommend  doing  (basic  research)  on  very  llimsy  evidence.  Tliat  is,  one 
sliouldn't  have  to  sliow  that  the  research  being  recommended  is  likely  to  be  useful,  but  only  that 
there  is  a chance  that  it  may  be  useful”  (p.  1 34).  The  authors  stated  that  development  slunild  also  be 
undertaken  on  projects  less  than  100  (Percent  certain  of  success  on  grounds  that  even  when 
pwcurement  is  not  indicated  lor  a system  studied,  the  lead  lime  fi>r  (Pripcurentcul  is  considerably 
shortened  if  the  world  situation  changes  so  as  to  make  the  system  more  desirable.  Tliis  sectiini  im(p|ies 
tliat  reseai.’i  that  leads  nowhere  is  useful,  because  it  eliminates  dead  ends. 


Kahn,  H..  & Mann.  I.  Ten  common  (Pitfalls.  Rand  RM-1937.  July  17.  1957.  In  a very  amusing  work,  the 
authors  discussed  common  errors  of  systems  analysts  ranging  fnpin  over  de(pendence  on  uuxlels  to  the 
introduction  of  a mistake  of  mathematics  or  assumption.  The  pa(Pet  was  written  infonnally  as  the 
draft  of  a cha(Pter  in  a later  brxpk. 


Maasrll,  A.P.  .An  imputation  method  fur  estimating  civilian  opportunities  available  to  mlitary  enlisted  men. 
Rand  P-1 565- ARP  .A.  July  1975.  Veterans'  vKcupational  ex(H'riences  may  give  an  iqpward  bias  to 
estimates  of  (HPtential  civilian  returns  facing  enlisted  (peiP(>ie 


Massell.  A.P.,  & Nelson,  G.R.  The  estimation  of  training  premiums  for  U.S.  military  personnel.  Rand 
P-5250.  June  1974.  Ma.ssell  and  NelsiPii  dealt  with  the  value  of  military  training  to  seivicemen  leaving 
the  service.  The  trainnig  premiums  mentioned  in  the  title  refer  to  the  addition  to  (HPtential  civilian 
incvPiiie  attributable  to  tlie  serviceman's  training.  Tlie  pa('ei  was  a preliminary  efl'on  to  enifpirically 
discover  the  value  to  a (Person  of  what  is.  in  essence,  the  IXqpaitment  of  IVlense's  investment  in  him 
Statistics  used  were  fivpin  surveys  of  servicemen  se(parated  in  and  lupin  military  records 

assiKiated  with  survey  resfPiPii dents.  Infantrymen  were  usevl  as  a control  group,  since  there  is  no  gov'd 
civilian  ei(uivalent  to  combat  anus.  This  work  falls  into  the  general  categipry  of  analysis  of  the  value 
to  the  recipient  of  human  capital  investment.  Inasmuch  as  that  value  is  meatnireil  in  tennsof  money , 
and  that  money  is  the  wage  rate,  the  value  to  the  enqiloyer  of  the  additional  productivity  must  at 
least  equal  the  "premium"  he  pays,  or  he  wipuldn't  (Pay  it.  Therefore,  the  marginal  pripduct  of  the 
training  is  at  least  ei(ual  to  the  wage  dilTerential.  and  any  surplus  is  a retiim  to  the  investor's 
investment  in  training,  with  the  goverrmient  as  the  investor  in  this  case. 
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Maullsby,  W.F.,  Ellis,  R.S.,  & Fulton.  D.N.  A classificalion  and  evaluation  of  current  cost  models. 
SLSR-7-69,  An-I<63  844.  Master's  thesis  for  the  School  of  Systems  and  Logistics,  AFFT.  Air 
llniversity.  .August  l‘)69.  See  text. 

McCall.  J.,  & Wallace,  N.  Training  and  retention  of  Air  Force  airmen:  An  economic  analysis.  Rand 
RM  5384-PR.  August  1967.  An  analysis  of  tlie  piobleni  of  retaining  generally  trained  electronics 
s(H*cialists  in  the  Air  Force.  McCall  and  Wallace  see  it  as  a siini>le  supply  and  demand  piohlein.  with 
the  pay  of  the  ainnen  too  low  to  kcx'p  them  in  the  service.  According  to  tire  analysis,  a sliift  from 
proticiency  pay  to  a rc'enlistinent  bonus  should  make  a large  difference,  since  the  civilian  alternatives 
faced  by  the  airmen  do  not  pay  very'  much  better  than  the  military. 

Mincer,  J.  The  dstribution  of  labor  incomes:  A survey  (with  s|iecial  reference  to  the  human  capital 
approach).  Journal  of  Ectrnomic  Literature,  March  1970,  8(1).  Ilie  article  reviewed  the  literature  on 
distiibution  of  income  in  which  the  traditional  approach  was  cmnpaa'd  with  the  humai;  capital 
approach.  Fconometric  attempts  to  detennine  the  elTects  of  investments  in  human  capital  were 
review cxI  and  rnterpreted,  ;md  general  issues  in  the  area  were  discussed. 

Mincer,  J.  On-the^ob  training:  Costs,  returns,  and  some  implications.  Journal  of  Political  Eexmomy, 
October  1962.  70.  See  text. 

Morgan,  J.,  & David,  M.  Education  and  income.  Quarterly  Journal  of  Economics,  August  1963,  77(3). 
Wlien  tire  elTects  of  education  on  income  were  studied,  objections  to  the  use  of  average  annual 
earnings  of  groups  by  age  and  education  were  not  terribly  important  to  the  results.  An  interesting 
observation  was  that  some  of  the  effects  of  further  education  on  earitings  were  Iridden  by  those 
educated  who  take  their  additional  inconre  in  the  foini  of  increased  leisure,  llrere  is  also  some  impact 
on  employment  statistics  by  virtue  of  the  same  phenomenon. 

Nelson.  R.R.,  & Phelps,  E.S.  Investment  in  humans,  technological  diffusion  and  economic  growth.  Rand 
P-3295.  December  1965.  In  a paper  presented  at  tlie  1965  meeting  of  tire  Amencan  Fconomic 
AssiKiation.  the  authors  hyjxrthesi/ed  that  the  more  educated  a ntanager  is,  tire  more  likely  he  is  to 
try  irew  techniques,  and  thrrs  the  greater  the  cducatioir  level  of  mairagcment,  the  greater  will  be  the 
rate  of  what  is  called  technological  dilTusion.  Preliminary  evidence  for  this  hyiHithcsis  was  taken  from 
the  example  of  American  agriculture.  It  apivared  that  the  nrore  dynamic  the  technological  adaptation 
of  an  eermomy,  the  greater  sliould  be  the  rate  of  investment  in  human  capital. 

Pardee,  F.S.  Weapon  system  cost  sensitivity  analysis  as  an  aid  in  determining  economic  resource  impact. 
Rand  P-2021,  June  1 5, 1969.  In  an  early  Rand  patx'r  on  cost  analysis.  Pardee  discussed  the  techirique 
called  "sensitivity  analysis"  as  a tool  for  evaluating  proposed  weapon  systems  before  their  design  and 
production.  Cost  sensitivity  analysis  is  the  singling  out,  front  the  myriad  of  cost  elemeirts,  of  those 
elements  which  have  the  greatest  inrpact  on  system  costs  for  each  percentage  of  change  in  factor 
input.  Often  factors  which  liHim  large  in  the  total  cost  of  a system  do  irot  vary  greatly  as  paramters 
change,  while  less  noticeable  factors  ntay  fluctuate  wildly  with  increnrental  changes  in  system 
performance  characteristics.  Sensitivity  analysis  explicitly  addresses  the  issue  of  differing  cost  effects 
for  different  elements,  and  of  examining  the  (wssible  effects  of  those  differences  on  the  final  results. 
Pardee  einphasired  that  cost  sensitivity  analysis  is  only  a part  of  a larger  study,  and  that  its  results 
should  not  be  evaluated  in  isolation. 

Periman,  R.  On-the-job  training  in  Milwaukee-Nature,  extent,  and  relationship  to  vocational  ediK'ation. 
ERIC  ED-034-161.  Center  for  Studies  in  Vocational  and  Technical  Education,  Industrial  Relations 
Research  Institute,  University  of  Wisconsin.  June  1969. 

Petruschell.  R.L.,  A Chester,  J.M.  Total  system  cost  analyas  - Part  I.  Rand  RM-3069-PR.  January  1963. 
Several  aspects  of  cost  analysis  ate  treated  in  a memorandum  desigited  to  be  part  of  aiv  Air  Force 
Institute  of  Technology  course  in  cost  estimating  concepts  and  techniques.  Tire  sections  were:  the 
nature  of  total  system  cost  analysis,  system  description,  personnel  estimating,  and  estimating  mission 
equipment.  While  the  topics  were  oriented  to  military  evst  analysis,  the  [Hunts  made  were  general 
enough  to  have  relevance  for  all  cojit  analysis. 


Pincus,  J.  Policy  studies  at  Rand:  Education  and  human  resouf Rand  P472I.  October  1971.  I’iiicus 
reviewed  tire  work  underway  at  Rand  in  lire  area  of  education  research,  witli  a sliort  word  about 
future  directions  as  of  1971.  'Oie  entire  program  concerned  the  evaluation  of  tire  costs  and 
elTectiveness  of  the  public  sctuKrl  syslcm.  with  no  trealnrenl  of  general  investments  in  huniaii  capital, 
i.e.,  vocational  training.  Tire  overall  conclusion  was  ralber  ircssimistic;  Pincus  reported  that  no 
effective  conventional  or  innovative  treatment  of  public  school  students  was  being  provided,  given  the 
social  backgrounds  which  existed.  Tire  implication  is  tlrat  what  goes  on  in  the  classroom  has  little 
impact  on  the  studeirts. 

Quade,  E.S.  (Ed.).  Attalysis  for  military  decisions.  Rand  R-3S7-PR.  November  1964.  A collection  of  essays 
on  the  topic  of  systenrs  analysis,  particularly  tlro.se  pre.sented  at  Raitd  courses  during  tire  fifties.  Tire 
courses  were  offered  to  decision  irrakers  rather  than  analysts,  and  tried  to  give  an  appreciation  of  the 
subject.  Tire  conteirt  was  aimed  at  teaching  the  interpretation,  rather  than  the  perfonrrance,  of 
analyses.  Tlris  collection  was  reviewed  by  F.M.  Scherer  in  the  ITecenrher  1%5  issue  of  the  Auienrwi 
l\a>ni>niic  Review  (see  below). 

Quade,  E.S.  Analysis  for  public  policy  decisions.  Rand  P-4K6.).  July  1972.  In  a paircr  preseirtcd  at  a scirrinar 
on  policies  and  systenrs  analysis  in  1972,  the  author  discussed  the  increasing  acceptance  of 
ipiantitative  analysis  by  politiciairs  and  called  for  the  future  inrproverrreni  of  the  accuracy  of  systems 
analysis  techiriques. 

Qirade,  E.S.  Cost-effectiveness;  An  appreciation.  Rand  P-.)248.  October  I96.S.  A definition  and  exploration 
of  cost-effectiveness  analysis,  giving  its  limitations  and  its  strengths.  Quade  believed  that  there  was 
room  for  further  use  of  the  method,  even  in  the  Department  of  Defense,  where  its  use  was  usually 
greater  than  elsewhere. 

Quade,  E.S.  Cost-effectiveness:  An  introduction  and  overview.  Rand  P-.3I34.  May  1965.  Tlris  paper  seems 
to  be  a draft  of  tbe  paper  irrentioned  above,  as  there  is  little  difference  between  the  two. 

Quade,  E.S.  Pitfalls  in  nrilitary  systenrs  analysis.  Rand  P-2676.  November  1962.  In  a paper  presented  at  a 
syniposiunr  in  1962,  Quade  discussed  systems  analysis  as  an  approach,  rather  than  a method,  to  look 
at  complex  problenrs  of  choice  under  rrncertainty . llis  subject  was  two  classes  of  error  found  in 
systenrs  studies- blunders  and  fallacies.  lie  found  that  blunders  will  continue  to  occur,  but  that  then.* 
was  .sonre  hope  for  eradication  of  fallacies  in  analyses. 

Qiuidc,  E.S.  Some  comments  on  cost-effectiveness.  Rand  P-3091.  March  1965.  According  to  Qrradc,  the 
difference  betwee  r systems  analysis  and  cost-effectiveness  is  one  of  errrphasis.  Systems  analysis  is 
concerned  with  assisting  decision  irrakers  on  matters  of  policy,  while  cost-cfTcctivcncss  analysis  is 
more  sirccillcally  concerned  witlr  the  comparison  of  alternatives  front  the  |x>int  of  view  of  cost  and 
effectiveness.  Quade  irrentioned  two  specific  limitations  of  airalyses-the  necessary  incompleteness  of 
each  analysis  and  the  vagitcncss  of  effectiveness  nteasures.  Me  discussed  two  pitfalls  mentioned  in  his 
1962  paiK'r  the  cherished  belief  and  ovcreliancc  on  nrodcis  to  nrakc  decisions.  The  nrain 
conclusion  is  that  the  dcsigit  of  studies  and  analyses,  the  formulation  of  the  basic  ()ucstions  which 
need  to  be  asked,  is  more  iirtportant  than  the  particular  techniques  used. 

Quade,  E.S.  Systems  analysis  technk|ues  for  plaiming-programming-budgeting.  Rand  P-3322.  Mareh  1965. 
Tlris  pat>er  offers  an  explanation  of  systenrs  analysis  and  a proposal  for  its  use  in  ntuch  wider 
applications  than  weapon  systenr  choice.  Systcitt  analysis  offers  a franrework  broad  enougit  for  nrost 
social  issttes  witlrin  govcrnitrent. 

Quade,  E.S.  Die  systems  approach  and  public  policy.  Rand  P4053.  March  1969.  in  this  paper,  a Rand 
.s|X)kesman  for  systems  analysis  presented  his  views  of  the  place  systems  studies  occupy  in  tire  world, 
and  of  the  major  attributes  of  such  studies,  lie  reported  that  such  analyses  have  gained  acceptance  in 
industry  and  govcrnitrent  decision  ntakiitg,  but  that  advances  nrust  be  made  in  further  making  systems 
studies  useful  and  acceptable.  On  the  part  of  decision  irrakers,  more  use  must  be  irrade  of  the 
capabilities  which  exist,  and  more  support  must  be  given  to  those  who  implement  studies.  Qitade 
discussed  modeling  as  it  is  generally  practiced  in  systems  .studies  and  suggested  that  models  be 
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extended  beyond  mere  numerical  representation  to  include  verbal  descriptions  of  the  way  tilings 
work.  Such  models,  according  to  the  author,  are  equally  useful  so  long  as  they  maintain  their 
predictive  abilities.  Quade's  definition  of  a model  is  “any  device  that  provides  a means  to  predict  and 
compare  the  outatmes  of  alternative  actions.”  An  example  of  such  an  extended  model  is  the  Delphi 
technique  developed  at  Rand  for  eliciting  and  refining  expert  opinion  througli  anonymity  in  what 
would  otherwise  be  an  open  discussion. 

Rosiker,  B.  The  Air  Reserve  forces  and  the  all-volunteer  force:  A statement  before  the  Defense  Manpower 
Commission.  Rand  P-5359.  January  1975.  Rostker  points  out  that  non-prior  service  ainnen's  pay 
increased  relative  to  that  of  the  career  forces,  but  there  was  no  change  in  the  utilization  patterns  of 
these  two  groups  (p.  4).  Tlie  strength  of  regular  forces  was  satisfactory,  but  that  of  the  reserves  was 
falling 

Rostker,  B.  An  econometric  model  for  the  evaluation  of  manpower  programs.  Rand  P4944-I.  October 
1973.  Rostker  suggested  using  a standard  national  control  group  for  tlie  evaluation  of  manpower 
programs  with  the  aid  of  a simple  econometric  nurdel.  This  technique  was  used  to  evaluate  the 
perfomiance  of  employment  counselors  in  California. 

Scherer,  F.M.  Review  of  “Analysis  for  Military  Decision,”  by  E.S.  Qiude,  American  Ectmomic  Review, 
December  1965,  55(5).  Scherer  states  tliat  “.  . a recurring  theme  (of  the  Quadc  pai>er)  is  the  frequent 
superiority  of  rough,  common-sense  qualitative  analysis  over  higli-powered  optimization 
techniques.  ...  A second  theme  is  the  need  for  iteration  and  feedback  in  redefining  objectives  and 
devising  new,  dominant  solutions.  Also  emphasized  is  the  role  of 'sensitivity  analysis*  estimating  how 
conclusions  may  be  affected  if  uncertain  parameters  take  on  adverse  values.” 

Schlesinger,  J.R.  The  changing  environment  for  systems  analysis.  Rand  P-3287.  Deamiber  1965.  Tliis  paper 
presents  four  factors  which  have  affected  the  perfomiance  of  systems  studies  since  the  concept  was 
developed:  (I)  increased  political  fluidity,  at  least  in  terms  of  the  major  threats  which  defense  policy 
must  consider;  (2)  a more  sophisticated  approach  to  the  conduct  and  perils  of  nuclear  warfare;  (3) 
emphasis  on  specialized  weapon  systems:  and  (4)  the  rising  costs  of  R&D.  Schlesinger  provided  two 
examples  for  illustration  and  concluded  witli  some  observations  on  what  had  preceded. 

Schlesinger,  J.R.  On  relating  non-technical  elements  to  system  studies.  Rand  P-354S.  February  1967.  In  this 
paper,  a future  Secretary  of  Defense  examined  the  role  of  what  he  called  “soft”  factors  in  systems 
analysis,  and  he  laid  much  of  the  blame  for  policy  failures  on  the  exclusion  of  such  factors  as  the 
political  environment.  As  he  stated,  “In  such  an  environment  (that  of  the  government  bureaucracy  as 
decision  maker)  the  excuse  that  the  best  laid  schemes  of  mice  and  men  gang  aft  a-gley  is  invalid,  for 
the  neglect  of  the  real  character  of  the  environment  implies  that  the  plans  may  be  tlie  worst  laid.” 
Studies  of  the  pure  resource  allocation  problem  arc  a good  starting  point,  but  feasibility  of 
implementing  the  resulting  pniposals  must  be  of  prime  concern.  Only  in  that  way  may  “second-best” 
alternatives  be  considered,  i.e,,  alternatives  which  are  the  best  available  under  the  circumstances.  In 
addition,  he  made  the  point  that,  as  Whitehead  remarked,  the  recommendations  for  the  real  higlier 
level  decision  makers  may  not  be  completely  susceptible  to  purely  numerical  analysis. 

Schlesinger,  J.R.  Systems  analysis  and  the  political  process.  Rand  P-3464.  June  1967.  Tlie  use  of  systems 
analysis  on  public  issues,  and  the  difficulties  encountered  there  were  examined.  Tlie  confusion  in 
civilian  agencies  between  input  and  output  was  mentioned  (the  concern  of  the  F'orcst  Service  with 
timber  rather  than  lumber,  for  instance).  It  is  the  tendency  of  in-lionse  research  to  be  so  theoretically 
pure  that  it  is  of  little  use,  and  the  pos.sihility  exists  that  the  analysis  may  mask  political  choice  as 
economic  efficiency  and  therefore  interfere  with  the  decision  making  process. 

Schweitzer,  S.O.  Occupational  choice,  high  school  graduation,  and  investment  in  human  capital.  Journal  of 
Human  Resources,  Summer  1971.  6(3).  According  to  this  article,  it  is  not  always  the  case  that  higli 
school  graduation  increases  lifetime  earnings  prospects.  Specifically,  when  the  student  has  certain 
occupations  in  mind,  “high  school  graduation  does  not  appear  justified  on  economic  grounds,  when 
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past  cross-sectional  earnings  patterns  are  used  to  predict  tlie  future.”  Some  of  the  occupations  wliich 
sliowed  a negative  return  to  schooling  in  this  study  were  electricians,  drivers,  barbers,  and  shipping 
and  receiving  clerks,  interestingly,  while  electricians  showed  a negative  rate  of  return,  the  rate  for 
painters,  bricklayers  and  plumbers,  (all  closely  allied  fields  of  endeavor)  were  (xtsitive  by  a gi>od 
margin.  The  author  concluded  that  if  those  workers  who  wished  to  join  trades  with  negative  return  to 
education  were  perceptive  enougl)  to  sec  that  their  lifetime  prosivscts  were  not  enhanced  by  further 
education  and  therefore  dropired  out,  the  observed  higli  rale  of  return  to  liigh  sch(H>l  graduation 
would  be  stHiicwhat  the  result  of  the  self-selection  of  those  whom  it  would  aid. 

Shishko,  R.  A survey  of  solution  concepts  for  majority  rule  games.  Rand  P-5169.  August  1970.  (Revised 
Janaury  1974.)  Shishko  provides  a matliematical  review  of  the  concepts  of  the  ane,  bargaining  sets 
and  n-i'wrson  games  with  side  payments  and  transferable  utility. 

Smith,  R.E.  The  opportunity  cost  of  participating  in  a training  program.  Journal  of  Human  Resources,  Fall, 
1971.  6(4).  Presentation  of  a iimdel,  based  upon  the  characteristics  of  the  participants,  for  estimating 
the  foregone  income  of  participants  in  training  programs.  The  model  was  dcvelo|K'd  for  use  in  the 
context  of  programs  under  the  Manpower  Development  and  Training  Act. 

Strauch,  R.E.  A critical  assessnvent  of  quantitative  methods  of  a policy  analysis  tool.  Rand  P-S282.  August 
1974.  The  application  of  mathematical  methods  and  models  to  the  spectrum  of  policy  problems  was 
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